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PREFACE. 


SENSE  of  the  importance  of  making  malt  rightly, 
in  accordance  with  the  best  known  principles 
and  practices,  has  filled  me  with  the  desire  to 
facilitate  the  ready  attainment  of  all  available 
knowledge  of  the  subject,  and  has  induced  me  to 
undertake  the  work  of  compiling  this  book. 

That  it  has  necessarily  been  a  task  requiring  much  patience 
and  labour,  is  obvious.  Now  that  it  is  accomplished  I  am 
keenly  alive  to  many  defects  visible  even  to  myself,  and  I 
anticipate  some  of  the  objections  that  can  be  urged  to  my 
treatment  of  the  subject. 

To  practical  men  the  lengthened  history,  preliminary  treat- 
ment of  materials,  and  profuse  account  of  chemical  composi- 
tion, may  seem  tedious,  or  even  useless. 

To  scientific  men  the  poverty  of  treatment  may  occasion 
regret. 

I  would  it  were  otherwise. 

From  those  who  may  criticise  me  harshly,  I  shall  probably 
learn  somewhat  more  of  my  weakness  or  my  ignorance. 

To  those  friends  who  generously  and  kindly  offer  me 
encouragement,  I  can  only  say  how  gratefully  I  receive  any 
indication  that  what  I  do  or  write  is  of  any  practical  vcJue  to 
others. 

I  cannot  conclude  without  thanking  aU  those  who  have 
patiently  assisted  me,  and  especially  are  my  thanks  due,  and 
freely  given  to  Prof.  Graham,  and  also  to  my  friend  Mr.  W.  H. 
Dalton,  F.G.S.,  for  his  untiring  efforts  to  render  this  work 
complete,  more  particularly  Chapters  IX.  and  XI.,  the  Biblio- 
graphy, &c. 

Freely  and  fully  I  have  offered  to  friend  and  foe  alike  the 
matured  outcome  of  my  present  knowledge  and  experience. 


Vin  PREFACE. 

I  have  done  my  best  to  advance  accurate  knowledge  of  the 
whole  of  this  great  and  important  industry.  Men  of  longer 
experience  in  the  ways  of  the  world  may  think  I  act 
indiscreetly,  or  at  least  in  opposition  to  my  own  interest,  in 
writing  so  freely  as  in  many  of  the  following  pages.  For 
that  I  care  bat  little.  I  shall  be  sufficiently  rewarded  if  the 
minds  of  the  rising  generation  of  men  interested  in  malt  are 
influenced  by  this  work  to  become  more  enlightened  and  intelli- 
gent than  their  predecessors,  so  that  the  work  they  find  to  do 
shall  be  done  better  and  more  truly,  and  the  material  they 
manipulate  shall  be  less  spoiled  and  damaged  than  it  is  by  us 
of  the  present  day. 

H.  ST0PE8. 
24a.,  Southwark  Street, 

London,  S^E, 

June,  1885. 
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2  MALT  AND  MALTING. 

others  we  have  vague  conceptions,  whilst,  donbtless,  many 
more  remain  for  fdtnre  discovery.  Each  year  brings  within 
oar  reach  more  exact  data  from  which  to  reason,  as  the  pro- 
cesses are  now  being  watched  with  more  scientific  precision, 
and  it  is  well  known  that  the  physical  sciences  generally  have 
advanced  in  exact  proportion  to  the  application  of  exact 
methods  and  statistics  to  the  processes  of  inquiry.  ''How 
much  ?  "  and  "  In  what  proportion  ?  "  are  vital  questions.  On 
the  accuracy  with  which  they  are  answered  depends  the  solution 
of  many  problems  of  commercial  importance,  several  of  which 
must  be  solved  in  malting  operations. 

As  the  processes  must  be  adapted  to  the  nature  of  the  raw 
material,  and  as  the  structure  of  the  buildings  necessarily 
aflfects  the  mode  of  working,  a  book  on  the  subject  of  malting 
would  be  incomplete  without  reference  to  the  form  of  the 
buildings  and  tools  needed  for  carrying  out  the  process.  If 
these  are  defective  the  resulting  product  suffers,  and  much 
imperfect  malt  is  the  consequence  of  badly-planned  maltings, 
in  which  scientific  working  is  impossible,  even  with  the  best 
of  grain. 

English  maltsters,  being  now  free  from  the  unscientific 
restrictions  of  the  Excise  Laws,  can  avail  themselves  of  a 
variety  of  improvements,  both  in  processes  and  buildings,  the 
best  of  which,  at  present  discovered,  will  be  described  in  the 
following  pages. 
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CHAPTEE  n. 

HISTOBT  0?  MALT  LIQUOBS  UP  TO  1300  A.B. 

An  exhaostive  treatise  on  the  sole  topic  of  malt  necessarily 
includes  as  complete  a  retrospect  into  the  early  history  of  the 
manufacture  as  is  permitted  by  the  fragmentary  nature  of  the 
records  of  social  life  in  the  past. 

Few  people,  except  those  who  have  thought  out  the  subject, 
are  aware  of  the  curious  influences  exerted  upon  national 
character  by  the  possession  of  intoxicating  or  stimulating 
beverages,  or  rather  by  the  nature  of  the  alcoholic  concoctions 
in  ordinary  use ;  for  some  form  or  other  of  alcohol  is  used  by 
nearly  every  nation  now  existing  upon  this  earth,  and 
apparently  few  people  of  any  age  or  chme  have  ever  existed 
who  have  not  made  use  of  alcohol  in  one  or  more  forms. 

Apart  from  the  historical  interest  it  may  excite,  it  is  a  matter 
of  very  slight  practical  importance  to  trace  the  history  of 
malting.  Probably  it  will  be  found  that  some  such  process 
was  known  to  most  of  the  earliest  races  of  men  of  whom 
distinct  records  remain. 

As  in  most  manufactures,  a  fairly  good  system  of  working 
was  evolved  by  the  steady  observation  of  cause  and  effect,  long 
before  any  one  of  the  laws  affecting  the  matter  was  ascertained 
or  even  thought  of. 

As  illustrations  of  our  subsequent  advance,  both  in  know- 
ledge and  mental  grasp,  some  of  the  following  quotations  are 
interesting.  The  rarity  of  the  works  whence  they  are  taken 
sufficiently  excuses  their  length,  while  the  quaintness  of  style 
and  absurdity  of  idea  have  at  least  this  value :  they  remind  us 
that  the  most  advanced  scientific  and  practical  writing  of 
to-day  may,  in  time,  seem  as  strange  and  erroneous  to  our 
successors  as  these  seem  to  us.  Those  whose  happy  fortune 
it  shall  be  to  live  in  later  times  will  derive  the  benefit  of  the 
combined  experiences. 

The  earliest  traces  of  the  cultivation  of  barley  that  have 
hitherto  been  found,  occur  in  the  relics  of  grain  stores  in  the 
Swiss  lake  dwellings.  Professor  Heer*  figures  the  ears  of 
the  two  varieties  of  Hardeum  hexastichon^  var.  densum  and 

*Die  PfUnzen  der  Pfahlbauten  (The   Plants   of   the   Pile-bnildings).      4to. 
Zurich,  1865. 
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4  MALT  AND  MALTING. 

var,  sanctum  with  those  of  other  grain  in  his  description  of 
the  discoveries.  He  makes  no  mention  of  malt  heing  found, 
but  though  there  is  little  or  no  direct  evidence,  there  ore  pretty 
strong  indirect  suggestions  that  the  properties  of  beer  were 
known,  as  well  as  the  benefit  of  the  use  oi  malt  in  its  prepara- 
tion. We  have  at  least  sure  proof  that  it  was  known  in  very 
early  times  inEgynt,  and  we  find  m  the  classical  writers  of 
antiquity  copious  allusions  to  the  preparation,  use,  and  effects 
of  fermented  Uquors  made  from  barley,  wheat,  &c.,  by  the 
ancient  races  of  Europe,  Asia,  and  Africa.  I  will  not  burden 
the  present  work  with  quotations  from  these  authors,  but  sum- 
manse  their  statements  briefly,  in  order  to  show  the  antiquity 
of  the  manufacture  and  its  great  extent. 

From  the  circumstance  of  no  mention  beins  made  of  beer  in 
the  books  of  Moses,  it  has  been  rather  rashly  concluded  that 
such  a  drink  was  unknown  in  his  times  and  in  his  vicinity. 
This,  however,  is  not  the  case.  The  vine  was  cultivated  m 
Egypt  only  in  those  districts  which  were  beyond  the  reach  of 
the  inundations,  and  the  quantitv  of  wine  raised  being  limited, 
was  reserved  for  the  rich,  while  the  poorer  classes  had  to 
content  themselves  with  a  cheaper  drinK  prepared  from  barley. 
Some  of  the  figures  in  the  Boulak  museum  seem  to  be 
engaged  in  malt  making. 

The  remains  of  malt  were  found  at  Thebes  by  Sir  J.  G. 
Wilkinson.* 

Dr.  S.  Birch  (editor  of  Wilkinson's  work)  adds  (p.  396|  note) 

''  The  ancient  beer  called  R^  (heqoi)  is  as  old  as  the  4th 

Dynasty ;  it  was  made  from  red  barley  or  malt,  bet  tes'er.  The 
foreign  beer  came  from  Kati,  a  country  to  the  east  of  Egypt, 
celebrated  for  its  production,  and  there  were  two  lands,  alcoholic 
and  mild,  employed  in  medicine  (Cbabas,  Melanges,  t.  i.,  p.  15). 
The  Egyptians  indulged  in  beer,  and  the  description  of  a 
person  overcome  by  intoxication  is  given  in  papyri  of  the  time 
of  Seti  I.  [1300  B.O.]  (Goodwin's  Cambridge  Essays,  1868, 
p.  253).  That  it  was  sujperior  to  the  beer  made  in  other 
countries  may  be  readily  mferred  from  the  eulogiums  passed 
upon  it  by  the  historian,  contrasted  with  the  contempt  in  which 
this  beverage  was  held  by  the  Greeks.  See  ^schylus  in  the 
'  Suppliants,'  verse  960." 

Elerodotus  (450  B.C.)  is  perhaps  the  earliest  profane  writer 
who  gives  any  particulars  regarding  Egypt,  and  he  describes 
beer  prepared  from  barley  as  the  ordinary  drink  of  the  Egyptians 
m  his  day.f 

In  common  with  other  writers  of  antiquity,  he  ascribes  the 
art  of  brewing  to  Isis,  wife  of  Osiris,  better  known  as 
Barneses  11.,  1960  B.C.,  and  it  seems  tolerably  certain  that 
if  Barneses  did  not  invent,  he  promoted  the  manufacture 
of  alcoholic  decoctions  of  barley  to  a  veiy  considerable 
extent. 

Pliny,  Aristotle,  Strabo,  and  others,  who  mention  this  beer 

*  The  Anoient  Egyptuuia.         t  Herodotiu,  book  ii.,  cap.  77. 
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by  the  name  of  Zythos^  give  fall  descriptions  of  its  qualities  and 
intoxicating  properties ;  and  Diodoros*  afi^rms  that  some  kinds 
were  so  pa&table  as  to  be  scarcely  inferior  to  wine. 

Other  references  to  malt  liqnor,  under  the  names  eythoSf 
bruton  (brewage),  oinon  krithmon  (barley  wine),  and  other 
names  are  found  in  the  following  authors. 

^schvlus,  Fragm.,  116 ;  Suppl.  954,  960. 

Archilochus,  xxvi.  6 ;  xxviii. 

Aristotle. 

Athenseus,  i.  28,  34 ;  x.  67,  418,  447. 

Columella,  x.  116. 

Cratinus  Malth.,  iy. 

Diodoras  Siculus,  I.  xxvi.,  350 ;  IV.,  ii. ;  V,,  xxvi. 

Dioscorides. 

Geoponius,  VII.  xxxiy.,  203. 

Hecatseus,  Fragm.,  123. 

Hellanicus,  110. 

Isidorus,  Origines,  XX.,  iii.,  17. 

Orosius,  iv.,  259. 

Plautus. 

Pliny,  "  Nature  Historia,"  xiv.,  29 ;  xxii.,  82,  88. 

Sophocles,  "  Triptolemos." 

Strabo,  xvii*,  ii.,  5. 

Tacitus,  "  Germania,"  xxiii. 

Theophrastus, ''  De  Causis  Plantarum,"  vi.,  ii. 

Ulpian,  "  Dignitates,"  33,  vi.,  9. 

Virgil,  "  Georgics,"  iii.,  380. 

Xenophon,  **  Anabasis,"  IV.,  v.,  26. 

In  some  of  these  allusions  it  is  not  clear  whether  true  malt- 
Uquor  is  meant,  or  a  fermented  decoction  of  meal  or  bread. 
Tacitus  speaks  of  "  barley-  or  wheat-water  corrupted  into  some 
semblance  to  wine."  Pliny  says,  "  liquor  made  from  steeped 
com."  Probably,  in  some  cases,  the  grain  was  left  steeping 
till  fermentation  set  in,  and  the  steep- water  became  part  of  the 
"cold  mash." 

The  practice  of  distilling  and  of  drinking  ardent  spirits 
existed  in  India  in  very  ancient  times.  In  the  old  Sanscrit 
law  books  we  read  of  mead,  a  spirit  distilled  from  honey, 
arrack  from  palm-juice,  rum  from  molasses,  a  spirit  distilled 
from  rice,  a  spirit  from  flowers,  and  many  other  sorts.  Instit. 
of  Menu,  ix.  235 ;  xi.  91,  95,  96,  &c.  See  also  Bam&yana, 
i.  S  41,  &c. ;  and  the  S&ma  Veda,  Sanhitft,  pa88im.f 

J3ut  among  the  ancient  Britons,  at  any  rate,  true  malt  was 
made  and  brewed.  An  account  of  the  process,  translated  from 
Geoponius  (loc.  cit),  is  given  in  Henry's  Histonr  of  England 
(vol.  ii.  p.  364).  "  The  grain  was  steeped  and  germinated, 
by  which  its  spirits  were  excited  and  set  free;  it  was  then 
dried,  and  ground  and  infused  in  water,  when,  after  fermen- 

*  Diodonis,  lib.  i.,  cap.  20,  p.  84. 

tP.  H.  GoflBB,  Assyria:  ^er  ICaimen  and  Ciutoms,  Arts  and  Arms  (1852) 
p.  610. 
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tation,  it  produced  a  pleasant,  warming,  strengthening,  and 
intoxicating  liquor."  The  lapse  of  time  has  involved  vast 
changes  in  these  several  processes,  in  the  raw  material,  and 
in  the  finished  product ;  out  the  sequence  of  the  operations 
and  the  general  tendency  of  the  resulting  beverage  remain  the 
same.  The  Bomans  much  promoted  the  industry  in  Britain, 
and  we  find  reference  to  malt  liquor  in  the  laws  of  Ina,  king 
of  Wessex, 

The  Danes  were  great  drinkers  of  beer,  so  much  so  that 
Edgar,  acting  by  the  counsel  of  Dunstan,  in  A.D.  970, 
put  down  many  alehouses.  Villages  were  allowed  one  ale- 
house only,  and  but  very  few  were  permitted  even  in  great 
boroughs.  One  device  for  diminishing  drinking  was  legslised 
at   this  time  which  is  very  curious.    Cups  were  made  with 

[;s  or  pins   inserted  at  regular  intervals.    Whoever  drank 
ow  the  mark  at  one  draught  rendered  himself  liable  to  a 
fine.* 

Miss  E.  J.  Oswald,  (authoress  of  *'By  Fell  and  Fjord,**) 
tells  me  that  in  the  Icelandic  Sagas  beer  is  frequently 
referred  to,  and  although  the  accounts  of  its  manufacture  are 
rather  obscure,  it  is  easy  to  gather  that  it  was  drunk  very 
new,  a  feast  being  always  preceded  by  a  brewing  as  well  as  a 
baking,  whilst  an  unsuccessful  brew  was  a  terrible  misfortune, 
the  long  and  his  court  sitting  sulkily  over  their  ale,  all  in  a 
bad  humour  at  the  failure  of  this  essential  adjunct  to  their 
merriment. 

The  Norse  legends  and  the  German  literature  of  all  ages 
contain  copious  allusions  to  the  manufacture  of  beer.  Indeed, 
the  Teutonic  races  have  worshipped  Gambrinus  with  steady 
devotion  for  unreckoned  generations,  and  a  formidable  volume 
could  be  filled  with  quotations  illustrative  of  this  venerable 
cult. 

Ale  is  mentioned  in  connection  with  a  banquet  of  which 
Edward  the  Confessor  partook.  It  was  then  known  in  Scot- 
land and  Wales,  and  estimated  thus : — 1  cask  mead  »  2  casks 
spiced  ale  "=  4  casks  ordinary  ale.  The  value  of  spiced  ale 
was  the  equivalent  of  £1  10s.  for  a  cask  9  pahns  long  by  18 
palms  diameter  [?  circumference]  .f 

Hume  (Hist.  Engl.,  vol.  ii.  p.  224)  refers  to  a  statute  of 
Heniy  HI.,  1272,  allowing  brewers  to  sell  two  gallons  of  ale  in 
a  city  for  Id.,  and  three  or  four  gallons  in  the  country  for  the 
same  price,  the  effect  of  strong  liquor  on  persons  engaged  in 
sedentary  occupations  being  recognised  thus  early.  One  of  the 
early  passages  referring  to  beer  \j  that  name  is  in  an  Act  of 
James  III.  of  Scotland,  a.d.  1482. 

The  monastic  system  was  favourable  to  the  development  of 
malting  and  brewing.  The  monks,  for  several  centunes,  were 
famed  for  the  exceUence  of  the  malt  they  made  and  the  ales 
they  brewed.  In  common  with  many  other  arts  and  manu- 
factures, malting  derived  benefit  from  the  care  bestowed  upon 
it  by  the  reverend  fathers,  who  loved  their  nut-brown  ale,  and 

•  HouvsKn^s  Ghvonidle,  oiio.  1680  a.d.     t  Bbh*  CyolopediA,  1816. 
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who  stndied  with  pamstakmg  care  the  relations  of  cause  and 
eSect. 

William  of  Malmesbury  asserts  that  as  far  back  as  the  time 
of  Henry  11.  of  England  many  monasteries  were  famed  far  and 
wide  for  the  purity  and  strength  of  their  ales  brewed  from  malt 
made  with  much  skill  and  care.  A  document  still  existing 
refers  to  a  re-leasing  of  some  lands  at  Burton-on-Trent  to  the 
abbot  of  the  religious  house  at  that  place,  by  Matilda,  daughter 
of  Nicholas  de  Shoben,  in  1295,  upon  conchtion  of  a  daily  toll 
of  bread,  beer,  &c. 

The  monks  of  Wetmore  discovered  the  brewing  qualities  of 
the  Burton  water  in  the  thirteenth  century. 
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CHAPTER    m. 

mSTOBY  OF  MALT  SINGE  1800  A.D. 

Wb  have  now  reached  a  date  within  six  centuries  of  this  year 
of  grace,  and  as  England  has  ever  since  taken  the  lead  more  or 
less  in  matters  relatmg  to  malting,  our  attention  will  now  be 
more  strictly  confined  to  our  own  country.  Unhappily,  the 
development  of  the  trade  is  most  fully  elucidated  by  following 
the  absurd  legal  enactments  that  have  perpetually  bound  and 
fettered  it. 

Brief  allusions  to  many  laws,  and  rather  copious  extracts 
from  the  writings  of  the  few  authors  upon  the  subject,  will 
furnish  the  student  with  an  outline  of  the  past  of  malting,  and 
may  repay  the  attention  of  practical  maltsters. 

Ill  the  ninth  year  of  Edward  n.  (1316)  Stow  states*—"  The 
Londoners,  considering  that  wheate  made  into  malte  was  much 
consumed,  ordayned  that  from  henceforth  it  should  be  made 
of  other  graine,  and  also  that  a  gallon  of  better  ale  should  be 
Bolde  for  three  hal^ence  and  of  small  ale  for  a  pennie,  and  not 
above.  So  the  King,  according  to  a  statute  of  London,  sent 
his  writtes  through  the  realme,  commanding  that  as  well 
within  ye  liberties  as  without,  a  gallon  of  ale  should  be  soldo 
for  a  pennie,  and  from  hencefortn  no  wheate  should  be  made 
into  malte,  which,  if  he  had  not  the  sooner  caused  to  be  pro- 
claimed, the  greatest  part  of  the  people  should  have  perished 
through  fiBbmine." 

During  this  same  year  (1315)  an  Act  was  passed  permitting 
malt  to  be  sold  in  heaps.  Although  maltsters  were  not 
compelled  to  pay  the  heavy  duties  in  those  days  which  their 
descendants  groaned  under,  the  law  interfered  with  the  ordi- 
naaj  course  of  their  business  to  a  painful  and  irksome  extent. 

^y  an  Act  passed  17  Bichard  II.  c.  4  (1894),  restrictions 
were  placed  on  the  sale  of  malt  from  Huntingdon,  Hertford, 
Bedford,  and  Cantabridge  to  London,  unless  duly  cleaned  from 
all  dust  and  combs.  Strangely  enough,  this  law  was  ri^ealed 
19  and  20  Victoria  c.  64.  Then,  m  the  33  Henry  Vl.  c.  4 
(1465),  order  was  made  that  no  person  brewing  ale  or  beer  in 
Kent  to  be  sold  shall  during  five  years  make  above  a  hundred 

*  Stow.    Histovj  of  Bnglmd. 
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quarters  to  his  own  use.  At  this  early  pieriod  other  laws 
existed  concerning  taxes,  and  the  restrictions  placed  upon 
maltsters,  that  were  made  and  repealed,  leaving  little  trace 
behind  them ;  bat  in  the  2  and  3  Edward  YI.  (1548)  an  Act 
was  passed  which,  although  several  times  repesJed,  was 
re-enacted,  not  being  finally  cleared  from  the  Statute  Book  till 
26  and  27  Victoria  c.  125.  It  was  entitled,  "  A  True  Bill  for 
the  Making  of  Malt,"  and  exerted  an  immense  deal  of  influence 
over  the  &ade  for  a  hundred  and  fifty  years.  It  set  forth 
''  That  where  divers  and  sxmdry  persons  taking  upon  them  the 
art  and  mystery  of  malt-malang,  and  sundry  other  persons, 
tendering  more  their  own  private  lucre,  gain,  and  profit  than 
the  wholesome  victualling  of  the  King's  Majeslnr,  the  nobility, 
and  other  his  Grace's  subjects,  have  oi  late,  by  their  unsatiable, 
covetous,  and  greedy  minds,  accustomably  and  commonly 
made  such  malt  impure  and  unseasonable,  for  that  they  have 
made  the  same  in  eight  or  nine  days,  when  indeed  the  same 
cannot  be  well  and  perfectly  made  unless  it  have  the  space  of 
21  days  in  the  making  thereof.  ....  And  for  that  they  would 
have  an  inordinate  increase  ....  Not  being  sufficiently  dried, 
it  cannot  be  kept,  but  will  be  musty  and  fall  of  weavels, 
whereby  no  wholesome  drink  for  man's  body  can  by  any 
means  be  made  thereof,  to  the  great  peril  of  the  King's 
subjects,"  and  so  on,  showing  that  mty  quarters  of  malt  were 
needed  where  forty  should  do  if  well  made,  and  also  how 
**  all  this  was  contrary  to  honest,  seemly,  and  good  buying, 
selhng,  and  commutation  that  should  or  ought  to  be  amongst 
Ghrisnan  people,  especially  in  things  concerning  the  sustenta- 
tion  of  man's  body."  It  was  then  enacted  that  after  the  1st 
March  next  (1549)  no  one  should  make  any  barley  malt,  the 
months  of  June,  July,  and  August  excepted,  but  that  should 
have  in  the  fat,  floor,  steeping,  and  drying  twenty-one  days  at 
least,  and  during  the  excepted  months  seventeen  days.  Then 
if  the  malt  for  sale  were  not  so  trodden,  rubbed,  and  fanned 
that  a  quarter  yielded  half  a  peck  of  dust,  the  maltster  was 
fined  twenty  pence  for  every  quarter.  This  law,  having  lapsed, 
was  renewed  by  Elizabeth  in  1585,  and  again  enforced  in  the 
thirty-fifth  and  thirty-ninth  years  of  her  reign.  21  James  I. 
c.  28,  and  8  Charles  I.  c.  4,  was  repealed  by  a  separate  Act  in 
1698,  as  it  was  foxmd  to  act  against  the  proper  collection  and 
profitable  yield  of  the  new  m^t  duty  imposed  in  1697,  and 
was  not  finidly  cleared  from  the  Statute  Book  till  so  lately  as 
26  and  27  Victoria. 

In  1685  a  very  curious  and  valuable  book  of  fifty  pages  was 
published  ^  a  Bohemian,  Thaddeus  Hagesius,  at  Hagen, 
called  **  De  derevisi^  ejusque  conficiendi  ratione,  natur&,  viribus, 
et  facultatibus."  It  describes  the  processes  of  brewing  accu- 
rately and  simply.  It  has  not  the  merit  of  being  the  first 
treatise  upon  the  subject,  as  an  earlier  one  was  written  bv 
Basil  Valentine,  and  m  1573,  Knaust  issued  an  elaborate  work 
upon  "  The  Divine,  Noble  Gift,  the  Philosoi)hical,  Highly 
Dear,  and  wondrous  Art  to  Brew  Beer."    At  this  time  (1585) 


]0  MALT  AKD  MALTING. 

the  trade  of  London  amounted  to  648,690  barrels  of  beer  per 
annum  brewed  in  twenty-six  breweries. 

As  early  as  July,  1634,  we  find  a  patent  taken  out  by  one 
Nicholas  Page  for  **  making  a  kyll  for  drying  malt  and  hops 
with  sea-cole,  turf,  or  anie  fewel,  without  touching  smoke,"  &c.* 
This  was  followed  in  twelve  months  by  a  very  similar  patent 
ti^en  by  Sir  Nicholas  Halse,  and  two  years  later  (1637)  a 
noble  inventor — Thomas,  Earl  of  Berks — ^patented  another 
kiln  for  drying  malt,  hops,  &c. 

1644.  The  malt  duty  was  originated,  which  gradually  grew 
into  the  charge  so  well  known  to  all  of  us,  and  which  lasted, 
with  numberless  alterations,  for  236  years.  It  first  came  into 
force  when  money  was  urgently  needed  to  carry  on  the  fierce 
struggle  of  the  Civil  Wars,  that  threw  the  country  into  such 
wild  confusion,  until  poor  Charles  I.  lost  his  head  at  Whitehall. 
All  malt  made  fi*om  wheat  or  barley  paid  a  duty  of  2s.  per 
quarter,  and  from  oats,  of  Is.  4d.  per  quarter.  This  was  in 
addition  to  a  heavy  tax  upon  beer,  amounting  to  121  per  cent, 
of  its  value  by  private  brewers,  and  25  per  cent,  by  inn-keepers 
and  brewers  for  sale.  This  establishes  a  very  early  precedent 
for  the  taxation  of  private  brewing. 

1662.  In  the  2  Charles  n.  an  import  duty  was  placed  on 
malt  of  3s.  4d.  a  bushel,  if  it  were  of  a  value  less  than  3s.  6d. 
per  bushel,  and  of  5s.  if  it  exceeded  that  value.  If  exported,  a 
general  charge  of  10s.  was  made. 

William  and  Maiy  gained  an  immediate  advance  of 
£1,000,000  by  means  of  a  lottery,  offering  as  security  for  the 
money  so  gained  the  salt-,  beer-,  and  malt-duties  that  then 
existed. 

1688.  By  2  William  III.  c.  24,  to  meet  the  heavy  charges 
of  the  war  with  France,  another  addition  was  made  to  the  tax 
on  beer.  In  the  same  Session  an  Act  had  been  passed  giving 
a  bounty  of  2s.  6d.  a  quarter  upon  every  quarter  of  com  and 
malt  that  a  master  of  a  ship  carried  to  any  foreign  port.  This 
Act  was  confirmed  by  c.  24 ;  and  for  many  following  years, 
when  com  was  cheap  and  plentiful,  it  came  into  force,  being 
occasionally  repealed  for  exceptionally  dear  and  scarce  years. 

In  1691  Tryon  wrote  the  third  edition  of  his  curious  book, 
**  The  New  Art  of  Brewing  Beer,  Ale,  and  other  sorts  of 
Liquors,"  which  is  quoted  more  fully  farther  on. 

The  year  1697  has  been  for  generations  a  memorable  one  in 
maltster's  annals,  as  the  celebrated  Malt  Tax  was  then  first 
imposed  upon  its  final  basis. 

in  a  work  of  this  kind  it  is  unnecessary  to  enter  at  any 
length  into  the  numerous  changes  of  law  that  have  constantly 
taken  place  for  nearly  two  centuries.  A  brief  summary  must 
suffice,  but  all  the  more  important  Acts  of  Parhament  bearing 
upon  the  subject  are  alluded  to  in  such  a  form  that  they  can  be 
readilv  referred  to.  In  9  William  III.  c.  22,  we  find  the  duty 
placea  in  a  form  that  continued  without  any  real  alteration, 

*  Fuller  notice  and  demri^one  of  more  remarkable  and  naefnl  patente  wiU  be 
giTea  in  tlie  later  pagee  of  thie  book. 
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excepting  as  to  amount  of  charge,  until  September  30,  1880, 
although  it  suffered  many  changes,  and  became  the  best- 
abused  Act  that  has  been  passed  since  the  restoration  of 
Charles  U.  The  war  with  France  led  to  its  imposition.  At 
first,  and  for  many  years,  it  was  only  a  moderate  charge  of  6d. 
a  bushel,  but  subsequent  wars  led  to  gradually  -  increasing 
rates,  until  in  1801  it  rose  to  4s.  5f d.  per  klishel,  and 
continued  at  that  ruinous  rate  until  after  our  war  with  France 
ended  (1816).  In  1702  (1  Anne  c.  13)  money  to  such  an 
extent  had  been  borrowed,  that,  over  and  above  a  duty  paid  by 
malt,  a  deficiency  still  existed  of  £579,060  upon  the  so-called 
malt  -  tickets,  which  led,  in  1709,  and  after  years,  to  more 
lotteries  upon  the  security  of  the  malt-duties.  Un  to  1713 
malt-duty  nad  only  been  collected  in  England  and  Wales,  but 
in  this  year  an  Act  was  passed  extending  it  to  Scotland  (12 
Anne,  st.  1,  c.  2),  making  the  duty  6d.  a  bushel — ^the  same  in 
both  countries.  An  attempt  had  been  made  by  the  Scotch 
Parliament  in  1695  to  estabhsh  the  duty,  but  it  met  with  such 
decided  opposition  that  it  was  deemed  wiser  to  abandon  it. 
Great  efforts  were  made  to  prevent  its  establishment  by  the 
Imperial  Parliament — so  great,  indeed,  that  they  very  seriously 
threatened  the  Union.  In  fact,  the  Scottish  peers  tried  every 
means  within  their  power,  not  even  stoppmg  at  personal 
remonstrance  with  the  Grown;  and  the  Earl  of  Findlater 
moved,  in  the  House  of  Commons,  for  leave  to  bring  in  a  bill 
to  dissolve  the  Union  in  consequence.  Despite  all  opposition, 
the  tax  was  imposed,  and,  as  a  consequence,  intense  dissatis- 
faction roread  through  the  country,  and  continued  for  many 
years.  Maltsters  everjrwhere  refused  to  be  surveyed,  and  no 
proceedings  at  law  bv  the  Excise  were  of  the  slightest  avail,  as 
m  no  county  of  Scotland  would  the  justices  act.  This  state  of 
affEurs  continued  until  1725,  during  which  year  the  duty  north 
of  the  border  yielded  exactly  £11  2s.  The  Government  now 
determined  to  enforce  payment,  and  sent  two  companies  of 
soldiers  to  Glasgow  to  assist  the  officers  of  the  Excise  in  their 
work,  and  to  protect  them.  But .  so  great  a  riot  followed  that 
the  military  were  completely  intimidated  by  the  mob,  who, 
flushed  with  their  victonr,  repaired  to  the  house  of  Mr.  D. 
Campbell,  then  member  ror  Glasgow,  and  completely  sacked 
and  ruined  it.  Next  day  the  rioters  drove  tne  soldiers  to 
Dumbarton  Castle,  with  the  loss  of  six  men,  and  all  their 
baggage.  So  great  was  the  hatred  to  this  tax,  that  the  whole 
count^  was  prepared  to  do  the  same  thing,  and  it  was  not 
accepted,  nor  order  restored,  xmtil  an  arranfi^ement  was  made 
that  all  the  money  raised  by  it  in  excess  of  £20,000,  should  be 
devoted  to  the  encouragement  of  Scotch  manufactures  and 
industries,  particularlv  the  ports  and  fisheries.  For  a  whole 
century  the  duty  was  kept  considerably  less  in  Scotland  than  in 
England  and  Wales.  At  the  first  charge  it  was  only  3d.  a  bushel, 
returning  to  1713,  this  year  the  first  allowance  was  made  of 
duty  upon  all  malt  lost  at  sea,  or  destroyed  in  a  few  other 
ways,  and  a  number  of  provisions,  that  have  continued  up  to 


12  MALT  AND  MALTING. 

this  date,  were  institnted  as  to  the  working  of  barley,  and 
allowances  established  for  swell  in  cistern  and  on  floors. 

In  this  year  also,  by  the  Act  12  Anne,  private  feunilies  were 
permitted  to  compound  the  malt-duty  at  5s.  per  head,  and  so 
generally  was  this  privilege  accepted  that  nearly  two-thirds  of 
the  malt  made  paid  duty  m  this  form. 

In  1714  (1  George  I.  c.  2)  the  duties  were  confirmed,  but 
maltsters  were  allowed  four  months'  grace  for  payment  after 
entry.  This  led  to  many  men  of  straw  becoming  maltsters, 
who  had  time  to  make  and  sell  their  malt  and  decamp  before 
paying  the  collector.  Up  to  this  time,  too,  great  quantities  of 
malt  had  the  drawback  fikllowed  upon  which  the  duty  had  never 
been  paid,  and  also  large  quantities  had  grain  mixed  with  it, 
upon  which  duty  was  claimed.  To  stop  this,  a  fine  of  5s.  a 
bushel  was  charged  upon  all  malt  so  treated,  if  detected.  But 
the  evil  grew,  and  had  to  be  more  stringently  dealt  with  in 
1719.  Complaint  was  made  that  not  only  was  the  barley  not 
properly  placed  in  the  ''uting  vat,"  but  was  allowed  to  "acrespire" 
to  such  an  extent  as  to  greatly  prejudice  the  malt  so  made,  and 
British  credit  also,  and  to  secure  to  the  maltsters  more  draw- 
back, to  the  loss  of  the  revenue.  Such  very  stringent  laws  were 
made  as  to  steeping,  growing,  &c.,  that  maltsters  have  ever 
since  had  to  pay  for  the  greed  of  their  predecessors  of  160  years 
ago.  A  great  number  of  Acts  had  to  be  passed  about  this 
question,  such  as,  in  1725,  the  malt  was  to  be  carried  directly 
&om  the  Idln  to  the  ship,  in  the  presence  of  the  officers,  after 
twenty-four  hours'  notice,  nor  could  any  maltster  commence  to 
make  for  export  until  six  days  after  the  floors  were  clean  swept, 
and  when  he  had  finished  he  must  wait  six  days  more  before 
commencing  for  home  use,  with  many  more  equally  stringent 
regulations,  to  the  extent  that  if  malt  made  for  exportation  were 
not  sent  away  within  nine  months  of  making,  the  maltster  had 
to  forfeit  5s.  the  bushel ;  and  in  1742,  every  maltster  was 
ordered  to  clear  out  old  stocks  entirely  and  start  afresh. 

In  1722  provision  was  made  to  enable  the  drawback  to  be 
claimed  upon  other  damage,  not  yet  noticed,  to  malt,  that 
spoilt  it  for  use  throughout  the  kingdom. 

1724.  The  Act  was  extended  more  stringently  to  Scotland, 
which  led  to  the  disturbances  previously  mentioned.  Strangely 
enoush,  it  was  coupled  with  a  tax  upon  newspapers  and 
pamphlets. 

1728.  Another  Act  was  passed,  still  more  stringently  pre- 
venting maltsters  mixing  different  growths  together,  and  other 
little  dodges  resorted  to  in  order  to  escape  payment  of  duty. 
During  iJl  tins  time  it  was  only  a  charge  of  6d.  a  bushel,  and 
continued  at  that  low  rate  until  1760.  The  Act  authorising 
the  collection  of  duty,  although  made  perpetual,  was  renewea 
year  by  year  for  many  years. 

1760.  By  83  Gleorge  11.  c.  7,  the  duty  was  now  raised  to  9d. 
in  England  and  Wales,  and  4|d.  in  Scotland,  and  was  directed 
to  be  paid  upon  all  malt,  whether  for  sale  or  for  private  use. 
All  stocks  of  malt  on  hand  to  pay  the  increased  rate  on  the 
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following  February  8th.  This  increase  of  duty  was  to  secure 
the  snm  of  £8,000,000  upon  the  new  duty,  which  was  raised  as 
a  lottery,  every  subscriber  of  dSlOO  being  entitled  to  one  lottery 
ticket. 

1762.  Notice  of  wetting  was  now  enforced  for  the  first  time, 
but  it  underwent  a  variety  of  changes. 

1779.  Another  increase  of  duty  to  the  extent  of  15  per  cent., 
which  was  directed  to  be  paid  every  week,  and  kept  entirely 
distinct  from  duties  already  imposed ;  and  the  following  year 
a  further  rise  of  6d.  in  England  and  3d.  in  Scotland  took  place. 
All  stocks  on  hand  on  May  30th  to  pay  the  increase.  To 
encourage  common  brewers,  and  those  who  sold  and  tai>ped 
out  ale,  from  the  moneys  so  raised,  brewers  for  sale  received 
back  upon  every  barrel  of  ale  of  a  value  of  6s.,  Is.  4d.  in 
London,  Is.  8d.  everywhere  else  in  England  and  Wales.  II  of 
less  value  than  68.  the  barrel,  then  Id.  only  per  barrel  was 
allowed.  This  drawback  was  paid  to  brewers  every  four 
months.  By  the  same  Act,  an  additional  5  per  cent,  upon  all 
previous  duties  was  charged. 

1790.  By  31  G-eorjge  III.  c.  2,  the  confusion  of  duties  reached 
its  climax.  An  addition  of  3d.  per  bushel  in  England  and  l|d. 
in  Scotland  was  made  to  all  existing  charges  of  the  duties  so 
raised.  Common  brewers  got  back  8d.  per  barrel  on  strong 
ale  in  London,  and  lOd.  per  barrel  elsewhere,  with  no  less  than 
eight  variations  as  to  drawback  for  different  varieties  of  ales 
and  in  different  places.  It  was  not  a  happy  thing  to  be  an 
exciseman  in  those  days,  and  Dr.  Johnson's  definition  of  the 
term  excise  was  quite  capable  of  a  double  meaning,  when,  in 
his  dictionary,  he  wrote  thus:  ''excise,  n.s.,  accijis,  Dutch ; 
excisum,  Latin ;  a  hateful  tax  levied  upon  commodities,  and 
adjudged  not  by  the  common  judges  of  property,  but  wretches 
hired  by  those  to  whom  the  excise  is  paid."  Gentlemen  of  the 
excise  had  nearly  as  much  cause  for  unhappiness  as  brewers 
themselves  in  these  *'  good  old  times." 

1800.  An  Act  was  passed,  which  was  renewed  a  number  of 
times  as  occasion  required.  To  meet  the  necessities  of  a 
singularly  wet  season,  by  41  George  HI.  c.  6,  maltsters  were 
allowed  to  steep  for  the  short  time  of  20  hours,  if  they  desired, 
instead  of  40  as  hitherto,  so  as  to  allow  for  the  excess  of 
moistxue  of  the  com.  This  Act  kept  in  force  till  July  5th, 
1801. 

1801.  Additional  power  was  given  to  officers  to  measure  the 
com  in  couch,  to  determine  if  any  attempt  had  been  made  to 
press.  This  vexed  question  was  the  source  of  much  fruitless 
legislation,  until  the  nappy  phrase  was  hit  upon  that  a  certain 
standard  in  excess  of  normal  swell  should  be  accepted  as 
''conclusive  evidence."  Maltsters  never  overcame  that.  On 
the  union  with  Ireland  the  duty  in  that  country  was  slightly 
larger  than  in  the  other  parts  of  the  kingdom. 

1802.  The  duties  were  again  raised  by  42  George  HI.  c.  38, 
Is.  O^d.  per  barrel  in  both  England  and  Scotland,  and  the 
existing  excessive  tax  upon  beer  was  raised  another  2s.  per 
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barrel  upon  every  description  of  beer  alike,  both  strong  and 
table-hops  also  lieing  heavily  taxed,  and  the  former  allowances 
npon  beer  were  discontinued.  This  was  a  very  long  Act,  filled 
with  every  kind  of  restriction,  and  bristling  with  pains  and 
penalties  relating  to  ahnost  every  process  of  the  making  of  malt 
and  beer,  together  with  the  sale»  ezportationy  and  consmnption 
of  aU  articles  in  the  trade,  a  noticeable  feature  of  the  Act  being 
that  sprinkling  at  the  maltster's  discretion  was  for  the  first 
time  restricted,  not,  however,  without  provoking  the  utmost 
opposition  of  maltsters  and  others.  Malt  at  this  time  paid 
duty  to  the  extent  of  2s.  5d.  per  bushel  only ;  but  it  must  be 
remembered  that  beer,  hops,  &c.,  were  all  heavily  taxed. 

1803.  By  43  Greorge  III.  c.  81,  a  further  increase  of  2s.  per 
bushel  was  made  to  the  duty  then  charged,  so  that  at  this  time, 
and  for  the  twelve  following  years,  the  duties  paid  by  common 
brewers  were,  license  fix>m  20s.,  every  barrel  of  ale  of  a  value 
of  16s.  per  barrel,  tax  10s. ;  every  barrel  of  table-beer  value 
of  6s.  per  barrel,  tax  2s. ;  maltster's  starting  license  5s. ;  every 
bushel  of  malt  made  4s.  5d. ;  hops  taxed  at  23s.  4d.  per  cwt. 
Slight  reductions  were  made  in  Scotland,  and  still  larger  ones 
in  Ireland.  These  heavy  duties  were  occasioned  by  the  wars 
England  was  then  waging  for  the  benefit  of  her  neighbours, 
and  were  continued  for  a  dozen  years  with  countless  changes 
in  form,  but  little  alteration  of  amount,  so  that  it  is  tedious  in 
the  extreme  to  wade  through  the  Acts  that  were  being  per- 
petually passed,  most  of  which  only  made  confusion  worse 
confounded. 

1804.  Bere  or  bigg  was  now  charged  with  duty  for  the  first 
time. 

1808.  Maltsters  were  ordered  to  keep  barley-stock  books  open 
to  officers'  inspection,  in  which  all  barley  received  and  used  or 
wetted  was  to  be  accurately  entered,  under  heavy  ]^nalties  if 
any  fraud  were  discovered.  As  may  be  readily  imaged,  these 
books  received  little  favour :  still,  they  were  contmued  for  a 
number  of  years,  and  produced  a  strong  feeling  of  ill-will 
between  officers  and  maltsters.  As  traders  were  treated  as  if 
honesty  were  an  unknown  virtue,  they  in  turn  seemed  to  think 
that  they  were  at  liberty  to  cheat  whenever  and  wherever 
opportunity  occurred. 

1812  marked  still  more  stringent  regulations  upon  the  shape, 
position,  and  use  of  cisterns,  and  also  the  number  and  arrange- 
ment of  the  floors  were  regulated  by  Act  of  Parliament.  A 
brewer  who  made  his  own  malt,  was  at  that  time,  and  for  the 
next  three  or  four  years,  not  only  one  of  the  most  heavily-taxed 
of  any  section  of  the  community,  but  also  one  whose  trade  was 
more  completely  regulated  by  law  than  any  other.  No  trade 
at  this  time  escaped,  however,  either  direct  taxation  or  legis- 
lative interference. 

1816.  At  last,  Napoleon  being  finally  settled,  and  the 
country  beginning  to  reap  the  advantages  of  peace,  on  ail  malt 
held  in  stock  on  July  5th  the  sum  of  2s.  per  bushel  was 
allowed  to  be  repaid  to  maltsters.    It  is  edifying  to  find  that  at 
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that  time,  as  more  recently,  great  complaints  were  raised  at 
the  insufficiency  of  the  qnantities  measnred  in  bulk,  as  com- 
pared with  the  actual  bushels  measured  by  hand,  and  the  result 
of  all  such  complaints  was  merely  to  provoke  the  retort ''  that 
no  such  outcry  was  raised  when  the  same  mode  of  ascertaining 
quantities  was  adopted  when  imposing  the  additional  charges 
m  1802  and  1803."  By  this  Act,  56  George  III.  c.  43,  the  duty 
returned  to  the  same  charge  as  at  the  beginning  of  the  century, 
viz.,  2b.  5d.  per  bushel  in  England,  Is.  8d.  in  Scotland,  and 
2s.  4^.  in  Ireland.  Nor  was  this  all  the  relief  afforded,  for 
the  same  Act  determined  all  the  increased  duties  on  beer.  StiU, 
as  maltsters  and  others  had  grown  to  be  people  of  exceeding 
wickedness  in  those  days,  a  great  many  pages  of  pains  and 
penalties  for  misdeeds  had  to  pass  the  House,  and  stand  on  the 
statute-books  of  the  realm. 

1819.  It  was  found  necessary  again  to  raise  the  duty  to 
3s.  8d.  per  bushel,  and  for  the  first  time  since  the  disturbances 
at  Glasgow  of  a  century  before,  was  the  duty  made  the  same 
in  Scotland  as  in  England  and  Wales.  But  great  consideration 
was  shown  in  the  collection  of  the  increased  duty  upon  fdl 
stocks  of  malt  held  in  hand,  payment  being  ordered,  by  59 
George  III.  c.  53,  to  be  made  in  four  instalments,  two  of  3d. 
and  two  of  4d.  each,  extending  over  from  November  to  April 
of  the  following  year,  and,  in  culdition,  5  per  cent,  increase  was 
allowed,  and  by  the  same  Act  a  brewer  was  allowed  to  increase 
the  price  of  his  table-beer. 

1822.  By  3  George  IV.  c.  18,  the  duty  was  again  lowered 
Is.,  to  come  into  force  February  25th,  1822. 

The  malt  duty  was  singularly  little  affected  by  the  coming 
into  force,  in  1825,  of  the  standard  measures,  whereby  the 
use  of  the  imperial  gallon  was  alone  legal,  although  the  Act 
caused  all  duties  to  be  revised.  By  6  George  IV.  c.  58,  all 
former  duties  ceased,  and,  instead,  a  tax  was  placed  upon  beer 
of  98.  lOd.  per  barrel  of  36  imperial  gallons,  if  of  a  value  of  16s. 
and  upwards ;  if  less,  or  table-beer,  then  the  duty  was  Is.  ll|d. 
per  barrel  only.  The  twopenny  ale  which  figured  in  the  treaty 
between  England  and  Scotland  was  charged  with  duty  at 
4s.  Id.  per  barrel.  These  charges  were  reduced  to  lOd.  and 
2d.  respectively  to  common  brewers,  not  retailers.  The  duty 
on  miJt  by  this  Act  was  charged  at  33s.  4d.  upon  every  100 
imperial  gallons,  which,  being  the  same  as  before,  no  change 
to(^  place. 

1827.  By  7  and  8  George  IV.  c.  52,  An  Act  to  consolidate 
and  amend  the  law  concerning  the  malt  duty,  a  great  number  of 
regulations  came  into  force  as  to  the  entry,  shape,  construction 
and  use  of  cisterns,  couch-frames,  specimens,  keeping  of  barley- 
books,  malt-stocks,  kilns,  number  of  floors,  and  nght  succession 
of  growths,  together  with  every  detail  connected  with  the 
business ;  but  no  difference  was  made  in  the  rate  of  duty,  and 
101  penalties  in  all  were  attached  to  infringements  of  the 
clauses  of  this  Act,  amounting  to  a  total  of  £13,500  should  an 
tmfortunate  trader  be  careless  or  wicked  enough  to  break  them 
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all.  These  things  agaiu  occasioned  a  long  Act  three  yean 
later,  12  George  IV.  and  1  William  IV.  c.  17,  and  by  the 
same  session,  c.  61,  the  duties  on  beer  ceased,  excepting  the 
hereditary  duties,  which  were  suspended  onl^  during  the  king's 
life,  and  were  to  revive  at  his  death.  In  heu  of  these  duties 
the  Excise  bore  a  charge  of  £354,500  per  annimi.  This  Act 
originated  the  payment  of  duty  on  malt  used  in  brewing,  and 
fixed  it  at  one  barrel  for  evenr  two  bushels  of  malt  used,  a 
rough  and  ready  calculation  of  average  extract,  which  all  the 
scientific  development  of  brewing  for  a  half  centxury  has  been 
unable  to  improve.  The  drawback  on  exported  beer  was  fixed 
at  5s.  per  barrel.  By  this  Act,  also,  many  of  the  restrictions 
that  were  placed  on  brewers  came  into  force,  which  were  swept 
away  by  the  repeal  of  the  Malt  Tax  by  Mr.  Gladstone. 

1835.  By  4  and  5  William  IV.  c.  51,  maltsters,  if  over- 
charged, were  empowered  to  comj^lain  to  either  two  commis- 
sioners of  Inland  Jtlevenue,  or  two  justices  of  the  peace,  withm 
twelve  months  of  the  overcharge.  If  thev  could  prove  their 
case  then  were  they  entitled  to  be  repaid  by  warrant,  author- 
ising the  amount  to  be  deducted  from  the  next  payment  falling 
due  from  them.  Various  provisions  were  made  as  to  the  mode 
of  appeal,  and  other  things,  for,  like  everything  connected  with 
the  trade,  it  took  a  vast  amount  of  le^slation  to  settle  a  simple 
question,  the  same  points  appearing  in  several  later  Acts,  such 
as  4  Vic.  c.  20,  28,  and  29  Vic.  c.  96,  &c. 

1837.  The  much-vexed  question  of  the  barley-books  was  set 
at  rest  by  the  Acts  estabUshing  them  being  repealed.  This 
was  done  b^  7  Will.  IV.  c.  49,  and  the  same  Act  gave  a  little 
further  addition  to  the  restriction  upon  couch-frames,  sprink- 
ling floors,  and  other  things. 

1840.  By  3  and  4  Vic.  c.  17,  the  additional  charge  of  5  ^ 
cent,  was  made  to  the  duty,  that  raised  it  to  the  same  j^nce 
which  was  continued  to  the  repeal  of  the  duty,  which  remained 
without  further  change  excepting  during  the  years  of  the 
Crimean  War,  when  it  was  temporarily  increased. 

1842.  The  Boasted  Maltsters'  Act,  5  and  6  Vic.  c.  30,  was 
filled  with  provisions  that  affected  very  slightly  genenJ 
midtsters,  but  which  tied  very  closely  the  action  of  roasters,  by 
means  of  strict  supervision  and  exceedingly  heavy  penalties. 
A  modification  of  the  old  barley-books  was  instituted,  together 
with  the  system  of  certificates,  so  that  by  means  of  a  double 
check  the  opportunity  for  fraud  was  very  greatly  reduced.  The 
hours  of  roasting  were  regulated,  so  that  during  the  winter  the 
working-day  was  fixed  at  13  hours,  and  in  summer  14  hours  : 
any  mdtsters  working  at  night,  or  out  of  the  prescribed  hours, 
being  liable  to  ruinous  fines.  Some  sections  of  the  community 
were  excluded  from  roasting  malt,  such  as  grocers,  druggists^ 
&c.,  unless  they  were  already  in  the  business  prior  to  1842. 

1855.  By  18  and  19  Vic.  c,  94,  no  barley  was  allowed  to 
be  made  into  maJt  under  seven  days  from  the  time  of  empty- 
ing cistern  to  the  commencement  of  loading  the  kiln,  and 
other  grain  in  proportion.    By  this  Act,  distillers  were  allowed 
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to  make  malt  for  distillation,  duty  free,  mider  certain  restric- 
tions; the  house  was  to  be  especially  approved  by  the  com- 
missioners to  be  used  for  the  one  purpose  only ;  sufficient  bond 
to  be  found  by  the  maltster ;  the  officer  to  have  the  kiln  under 
his  special  cliarge,  he  alone  keeping  the  key  of  it,  accommoda- 
tion for  the  officer  to  be  fdmisned  at  the  maltster's  expense ; 
secure  rooms  also  to  be  provided  for  the  deposition  of  the 
malt  on  removal  from  the  kiln,  placed  in  such  a  way  that 
the  officer  should  see  from  the  room  into  the  kiln,  and  also 
another  room  in  which  to  store  the  malt  previously  to  grinding 
it,  and  a  mill-room,  all  under  special  supervision,  the  officer 
keeping  all  the  keys ;  the  mills,  in  this  case,  however,  to  be 
stones  if  desired.  The  numerous  restrictions  in  this  case  are 
wearisome  to  wade  through. 

1859.  By  22  and  23  Vic.  c.  18,  the  limit  of  credit  waa 
curtailed  to  twelve  weeks,  and  then  only  to  men  who  gave 
ample  security  by  bond,  and  the  following  year  this  time  was 
still  further  reduced  to  six  weeks.  This,  again,  two  years 
later,  was  altered,  so  that,  under  certain  conditions,  credit 
was  granted  for  three  months  upon  malt  made  between  1st 
January  and  1st  April,  such  duty,  however,  having  to  pay 
interest  at  the  rate  of  B^  per  cent.,  care  being  taken  to  enable 
t^e  collector  to  enforce  payment  promptly  if  any  doubt  arose 
as  to  a  maltster's  credit. 

1860.  By  23  and  24  Vic.  c.  13,  more  restrictions  were  made 
upon  time  of  steep,  notice  of  wetting,  removal  of  grain  from 
cistern,  mode  of  placing  in  couch,  together  with  minute 
directions  as  to  two  or  more  cisterns  in  one  house,  and  all  the 
rest  of  the  things  that  five  centuries  of  successive  cobbling  had 
not  sufficed  comfortably  to  settle.  Sprinkling  also  occupied 
the  serious  attention  of  legislators,  and  it  was  decided  that  to 
sprinkle  before  the  expiration  of  the  twelfth  day  should  be  as 
illegal  as  they  considered  it  immoral.  Drowning  the  com  for 
fifty  hours  altered  the  case,  so  all  such  com  was  allowed  to  be 

5)rinkled  at  the  fifth  day,  upon  due  notice  having  been  given, 
ive  years  later  this  time  was  reduced  to  ninety  hours,  other 
differences  being  made  by  distillers.  Another  very  knotty 
question  wsus  the  adjustment  of  the  drawback  allowed  on  malt 
exported ;  here,  again,  the  carefol  deliberations  of  this  session 
were  altered  and  re-altered  ad  nauseam  later  on. 

Under  the  Act  23  and  24  Vic.  c.  110,  foreign  malt  was 
allowed  to  be  imported  upon  parent  of  a  Custom  duty  of 
25s.  per  quarter.  Prior  to  this  time  the  importation  of  malt 
in  any  form  had  been  strictly  prohibited.  Mr.  Gladstone's 
reasons  for  assessing  this  duty  at  25s.  were  given  at  length 
(August  7,  1860),  and  are  rather  curious.  The  mode  of 
making  up  the  amount  is  as  follows : — 

Duty 

Com  duty      . 

Interest  on  duty  for  six  months 

Excise  restriction  and  licence 

25    0 


8. 

d. 

21 

8J 

1 

0 

0 

6 

1 

9J 
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In  the  same  year,  by  an  Act  23  and  24  Vic.  c.  113,  a 
drawback  on  all  malt  exported  was  first  permitted.  These 
unwonted  permits  gave  naturally  a  great  scope  for  the 
invention  of  innumerable  restrictions. 

1863.  Malting  for  cattle  feeding  received  a  fresh  stimulus 
by  allowing  barley  to  be  malted  by  farmers  or  maltsters, 
provided  it  was  duly  mixed  with  linseed -meal  or  cake,  to 
prevent  its  possible  use  for  beer.  Maltings  worked  in  this 
way  were  under  similar  restrictions  to  distilleries.  In  spite 
of  the  freedom  given  to  farmers  to  germinate  grain  for 
feeding  purposes,  very  little  practical  use  was  made  of  such 
liberty,  and  although  just  at  first  a  number  of  houses  were 
started,  duly  painted,  and  labelled,  '*  Entered  to  make  malt,  to 
be  used  in  feeding  animals,"  in  a  few  years  they  almost 
entirely  ceased.     (See  Appendix.) 

1865.  This  year,  by  28  and  29  Vic.  c.  66,  an  important 
change  in  the  law  was  instituted,  to  enable  midtsters  to  malt 
b^  weight,  by  consenting  to  certain  restrictions,  such  as 
giving  due  notice  of  an  intention  to  wet  by  weight ;  a  maltster 
must  have  a  cover  affixed  to  the  cistern,  which,  when  filled, 
was  locked,  the  officer  keeping  the  key.  The  weight  having 
been  duly  declared  and  entered,  wsus  then  to  be  verified  by  the 
maltster,  the  standard  weight  of  a  bushel  being  fixed  at  53  lbs. 
But  the  rest  of  the  Act  is  too  well  known  to  need  any 
lengthened  description. 

Sept.  30,*  1880.  All  previous  Acts  repealed,  the  Malt  Tax 
totally  abolished,  and  a  Beer  Duty  substituted  of  6s.  3d.  per 
barrel  of  36  gallons,  of  a  standard  gravity  of  1057,  less  6  per 
cent. 

The  object  of  this  chapter  is  chiefly  to  point  out  a  few  of  the 
more  important  changes  the  trade  has  had  to  suffer  for  many 
centuries  through  restrictive  laws,  which  have  had  the  effect 
of  making  malting  the  one  industry  which  has  progressed  in 
scientific  development  less  than  any  of  similar  magnitude  in 
Great  Britain. 
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CHAPTEE  IV. 

EXTRACTS  FROM  OLD  BOOKS  ON  MALTING. 

TxTon'fl  ''New  Art  of  Brewing  Ale  and  Oiher  Malt  Liquors." — "The  London 
and  Country  Brewer,"  &c. — Bums'  *'  John  Barleycorn." 

Parallel  to  these  legal  notices  we  may  place  and  profitably 

E erase  a  few  fall  extracts  from  the  literature  of  the  profession 
•om  the  year  a.d,  1690 : — 
"  The  New  Art  of  Brewing  Beer,  Ale,  and  other  Sorts  of 
Liquors.*'  (London :  1691.  Thos.  Salisbury,  Printer.) 
By  Tho.  Tryon,  Student  in  Physick.  Pages  45 — 57. 
"What  Water  is  Best  to  Make  Mault. — ^Running  or 
River  Water  is  to  be  preferred  before  either  Spring,  WeU,  or 
Pond  Water,  which  do  contain  a  certain  Unctious  Virtue,  or 
Saline  Fatness,  that  it  attracts  or  draws  from  the  surface  of 
the  Earth,  from  which  good  quality  and  sweet  virtues  all 
vegitations  do  grow  and  proceed  ;  besides  River  Waters  have 
not  only  the  benefit  ox  motion,  but  also  the  benevolent 
Influences  of  the  Ccelestial  Bodies  running  in  the  open  Air  and 
Light  of  Heaven,  which  do  by  its  fine  vapours  penetrate  and 
purge  it  from  its  harsh  Earthy  Qualities,  and  as  it  were  open 
its  cold  body,  warming  and  inducing  it  with  a  spirituous  Airy, 
and  Balsamick  virtue,  of  a  soft  Nature  and  Friendly  Operation, 
this  being  the  cause  why  river  water  will  perform  all  prepara- 
tions  in  House-wifery  better,  and  to  more  advantage  than 
either  spring,  well  or  Pond  water,  therefore  it  is  the  principal 
water  to  make  your  Mault  with,  for  these  good  virtues  and 
Salinteral  quality  do  never  wholly  depart  from  the  Mault  that 
it  hath  indued  it  withal ;  besides,  this  water  does  more 
naturally  open  and  penetrate  the  Body  of  the  Com  with  a 
cartine,  mild,  and  sweet  violence ;  the  next  in  Goodness  to 
this  is  Spring  Water,  but  remember  to  Avoid  all  cold  con- 
stringent Waters,  such  as  will  not  wash,  for  such  are  of  a 
Saturnine,  Earthy,  barsh  nature  and  operation,  and  they  do 
equally  indue  all  things  that  it  doth  prepare  with  its  ill 
quahties,  as  the  former  do  with  their  good.  If  you  water  your 
Garden  with  Well  water  which  is  hard,  hungry,  lean,  and 
harsh,  and  with  running,  or  River  Water,  there  will  be  a 
manifest  difference ;  the  first  hardens  the  Earth,  and  causes 
the  vegitations  to  dwindle,  and  if  they  be  tender  plants,  it 
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often  kills  them,  but  the  latter  will  not  constringe  or  bind  the 
Earth,  but  rather  make  it  plump  and  hollow,  and  the  plants  or 
Herbs  will  grow  amain,  but  Eam  Water  hath  the  first  place  of 
all  others,  if  it  could  be  procured  undefiled  and  simple." 

"  n.  Of  Maxjlt  and  How  it  is  Made. — To  make  Mault 
with  judgement  is  none  of  the  smartest  part  of  Chymistry, 
some  say  that  it  was  first  invented  in  Egypt  by  the  Egyptian 
Phylosophers  ;  but  the  greatest  of  mysteries,  when  commonly 
Known,  are  not  admired.  First  put  your  barley  into  a  Cistern, 
then  fill  it  with  Water  that  it  Bwims  two  or  three  inches  above 
your  Com,  the  time  of  this  Infusion  is  according  as  the  Season 
is  either  hot  or  Cold,  also  according  to  the  Goodness  and  Nature 
of  the  Com.  Some  will  infuse  and  Work  more  kindly  than 
others  ;  your  smooth,  plump  weighty  Com  does  best,  and  will 
embibe  or  receive  the  Water  more  aptly,  but  your  hungry,  lean, 
flinty,  thin  Barley,  will  not  infuse  so  Kindly,  the  which  must  be 
left  to  the  Judgement  of  the  Workman ;  if  the  Weather  be  warm 
two  days  and  three  nights  may  be,  in  moderate  weather  three 
days  and  three  nights,  but  in  winter,  especially  in  Cold  Frosty 
seasons,  five  or  six  days  will  do  it  no  harm.  The  general  way 
or  mark  to  Know  when  it  is  infused  or  Steeped  enough  is  to 
take  a  Com  endways  between  your  fingers,  and  gently  bruise 
or  Crush  it,  and  if  you  find  it  equally  Mellow,  and  that  the 
Husk  opens,  or  as  it  were  a  little  starts  from  the  body  of  the 
Com,  then  it  is  Enough,  but  if  your  Barley  be  grown,  or  any 
wet  have  injured  it,  then  be  careful  that  you  do  not  infuse  it 
too  much,  which  is  oftentimes  done,  which  do  flatten,  dull, 
and  wound  the  Spirituous  qualities  or  sweet  vertues,  and  such 
Mault  will  yield  but  little  Spirit  or  sweetness,  and  the  Drink 
made  thereof  will  have  an  ill  flat  taste,  not  brisk  nor  lively, 
neither  will  it  keep,  but  quickly  grow  dead  and  sour ;  for  the 
well  and  long  keeping  of  Beer  or  Ale  depends  as  much  on  the 
goodness  of  the  Mault  as  Brewing ;  also  you  must  remember  to 
let  your  Water  drein  very  well  and  equally  firom  your  Com, 
before  you  take  it  out  of  the  Cistern  12  or  14  hours  in  mode- 
rate weather,  but  24  or  30  in  Cold,  especially  in  very  Cold,  the 
better  the  water  is  dreined  from  your  Corn  the  more  equal  it 
will  grow  or  come,  then  couch  or  heap  it,  if  your  quantity  be 
large  and  weather  warm,  into  two,  but  if  cold  into  one,  turn  it 
every  4,  5,  6,  7,  or  8  hours,  as  the  Season  is  either  hot  or  cold, 
viz.,  the  outwardmost  part  inwards,  and  the  bottom  upwards, 
and  keep  your  Floor  clear,  that  the  Com  that  lies  next  there- 
unto may  not  be  chilled,  and  so  soon  as  it  begins  to  Come  or 
as  some  calls  it  Work,  then  turn  it  oftener,  every  3,  4  or  5 
hours  as  you  did  before,  and  as  even  as  possible,  both  day  and 
night  if  you  see  occasion,  more  especially  if  the  weather  be 
cloudy,  warm  and  windy,  for  the  Air  is  the  root  of  life,  and  when 
it  is  agitated,  it  awakens  and  blows  up  the  inward  life,  and 
kindles  its  spirits,  that  it  becomes  more  brisk  and  fuller  of 
motion,  and  as  it  comes  or  works  more  and  more  so  you  must 
bjr  degrees  spread  and  thin  your  couch  or  heap  wider  and 
wider  to  cool,  and  as  it  were  to  fix  it,  that  it  may  not  come 
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ioo  much  nor  too  feist,  and  ^hen  it  is  come,  or  growed  enough » 
which  all  that  are  fit  for  this  Imployment  may  easily  judge, 
then  spread  it  very  thin,  and  keep  turning  of  it  12,  14,  or  16 
times  in  24  hours,  especially  if  the  Season  be  warm,  or  late  in 
the  Spring,  as  in  March,  April  or  May ;  great  care  ought  to  be 
taken  in  the  Spring  season,  for  all  things  then  have  a  more 
lively  motion  than  at  other  Seasons,  and  when  you  have  fixed 
it,  or  that  the  root  begins  to  be  dead,  then  you  must  thicken 
it  again  upon  the  Floor,  but  be  careful  to  keep  it  often  turning 
and  workmg ;  that  the  growing  of  the  root  may  not  revive, 
your  shooes  ought  not  to  oe  on  your  feet ;  also  let  your  judge- 
ment and  Diligence  be  such  in  working  and  turning  your 
Mault,  and  keeping  your  Floor  clear,  that  it  may  neither 
mould  nor  Ackerspier,  that  is,  the  blade  to  grow  out,  at  the 
opposite  end  to  the  Koot,  which  will  mightily  lesson  the  good 

Jualities,  and  sweatness  of  the  Mault,  and  also  to  give  the 
>rink  an  ill  taste.  Now  being  come  to  this  degree,  and  fit  for 
the  kill,  some  will  turn  it  up  into  a  great  heap,  24  or  30  hours, 
in  which  time  it  will  heat,  which  is  very  prejudicial,  and  does 
in  a  degree  Suffocate  and  flatten  the  sweet  virtues ;  this,  and 
high  drying  gives  your  Beer  and  Ale  a  high  martial  Colour, 
both  which  are  great  violences  to  nature,  and  the  Drink  made 
thereof,  proves  injurious  to  the  Drinkers  ;  it  sends  Fumes  and 
cloudy  vapours  into  the  Crown,  hurts  the  Eyes,  heats  the 
Blood  and  a  great  Friend  to  the  Stone  and  Gravel,  with  several 
other  ill  Operations.  Note,  the  time  of  its  preparation  firom  the 
Cystum  to  the  Kill  is  uncertain,  and  according  to  the  Season 
of  the  Year,  whether  hot  or  cold,  and  the  goodnes  of  the  Com  ; 
in  moderate  season  it  will  come  to  the  Kill  in  three  weeks  or 
thereabouts,  but  in  cold  it  may  be  four  or  five,  and  as  to  the 
thickness  and  thinness  on  your  Kill,  Men's  Judgements  vary, 
and  in  several  countries  they  have  several  fashions  and  customs. 
Some  will  put  it  from  seven  to  ten,  or  twelve  inches  thick, 
which  is  an  ill  custom,  and  it  never  fails  to  injure  the  Mault, 
for  you  must  keep  a  strong  violent  fire,  which  is  apt  to  bum 
that  which  lies  next  the  cloth,  while  that  which  is  uppermost 
is  neither  hot  nor  cold,  which  do  mightily  flatten  the  spirituous 
sweet  virtues  thereof;  besides  all  the  diligence  you  can  use 
cannot  dry  it  so  equally,  and  the  thickness  thereof  occasions  it 
to  send  forth  a  terrible  damp  or  moist  gross  Excrementitious 
vapour  or  steem,  which  do  oftentimes  re-enter  the  Mault, 
wounding  and  suffocating  the  finer  virtues  and  sweet  Qualities, 
which  gives  an  ill  taste  to  the  Mault  and  drink  made  thereof ; 
besides  it  will  make  but  little  drink,  and  that  not  good  nor 
wholesome,  and  if  strong  Drink  be  made  of  such  Mault  its  evil 
juices  are  the  more  perceptable  by  heating  the  Body,  and 
stupifying  the  sences  by  its  gross  heavy  Fumes,  being  a  ^eat 
enemy  to  Nature.  These  ill  Customs  all  Mault-makers  ought  to 
understand  and  avoid,  for  every  ill  Custom  and  Disorder  in 
maldng  of  Mault  is  tasted  and  felt  in  the  Drink,  and  it  is  most 
certain,  that,  through  England  there  is  not  one  bushel  of  Mault 
in  four  made  as  it  ought,  viz.,  to  that  degree  of  goodness, 
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which  is  the  occasion  that  Ale  and  Beer  have  so  many  ill 
Tastes,  and  Operations,  and  that  it  makes  so  little  drink  and 
weak.  Now  as  to  its  thickness  on  the  Kill,  it  onght  not  to  lie 
more  than  three,  four,  or  five  inches,  and  let  your  Fire  be 
constant,  not  too  Fierce,  and  yet  indifferent  brisk,  which  will 
Keep  the  Spirit  and  Life  of  your  Mault  living,  for  it  may  be  as 
well  too  slack  or  slow,  as  too  fierce  or  strong ;  for  when  your 
Fire  is  too  weak,  it  flattens  and  dulls  the  spirituous  sweet 
exhillerating  QuaUties,  and  when  it  is  too  strong  or  fierce,  it 
fires  and  stagnates  them  ;  keep  turning  of  it  every  two,  three, 
or  four  hours,  and  keep  your  Cloth  clear :  Also  it  is  to  be  noted, 
that  your  Kill  ought  to  have  convenient  windows,  that  the 
Gross  Steams,  fulsom  Damps,  and  stupifyingVapours  may  pass 
freely  away  and  to  let  in  the  friendly  Air,  which  will  keep  all 
the  real  good  virtues  of  the  Mault  living. 

*'  Now,  as  to  the  Complexion  or  colour  of  Mault,  white  is  the 
best,  because  most  natural,  and  therefore  in  all  preparations 
and  operations  you  ought,  as  near  as  possible  you  can,  to 
maintain  the  natural  complexion  of  the  thing,  for  the  tinctures 
ariseth,  and  proceeds  from  the  fine  spirits  and  essential  virtues ; 
therefore,  if  in  your  order  of  making  Mault,  you  alter  and 
change  the  colour,  you  then  also  change  its  virtues,  and 
make  the  Drink  of  another  nature  and  operation  ;  for  all  red- 
ness, or  high  Colour  in  Drink  proceeds  from  some  violence 
done  to  the  Spirits  and  fine  ^drtues  in  the  preparation,  for  the 
colour  is  a  stranger  to  the  nature  of  that  grain,  and  it  shows 
that  the  fierce  Spirits  and  hot  vanours  of  the  fire,  have  as  it 
were  transmuted  or  changed  the  mud  friendly  soft  Virtues  and 
Qualities  of  the  Mault,  into  its  own  fiery  nature  ;  and  it  is  not 
to  be  doubted,  but  that  Dijestion  is  most  natural  that  preserves 
the  tincture  entire,  force  not  Nature  out  of  her  way,  nor  change 
the  form,  for  then  the  inward  Life  and  good  qualities  of  that 
thing  are  in  danger ;  for  the  fierce  raging  spirits  of  the  fire,  and 
Essences  thereof  do  never  depart  from  sucn  parched  high  dried 
Mault,  but  do  always  remam,  from  whence  the  Drink  made 
thereof  receives  its  high  bloodjr  Colour,  which  most  i^orant 
people  cry  up  and  admire  as  a  virtue,  or  good  quality,  but  the 
contrary  is  to  be  understood,  and  nothing  in  Mault  is  a  greater 
Vice  or  Evil,  and  the  Drink  made  thereof,  together  with  its 
losing  boiling  with  Hops,  do  seldom  fail  to  wound  the  Health 
of  the  Drinkers  thereof;  its  natural  operation  in  the  body,  is  to 
heat  the  Blood,  destroying  Appetite,  obstructs  the  Stomach, 
sending  gross  dulling  Fumes  into  the  head,  dulls  the  fine  pure 
spirits,  hinders  the  free  Circulation  of  the  Blood  by  Stagnating 
the  Humours,  and  in  the  Cholerick  and  Melancholy  Com* 
plexions,  generates  the  Stone,  Gravel,  Gout  and  Consumption ; 
this  sort  of  Drink  is  also  very  injurious  to  women,  especially 
such  as  are  with  Child,  or  give  Suck.  In  all  your  preparations 
of  Meats  and  Drinks  use  diligence,  and  do  no  violence  to  the 
internal  Virtues  or  Spirits,  which  are  occult  and  not  perceptable 
to  the  Eye,  therefore  if  you  have  not  Wisdom  and  Understand- 
ing  to  distinguish  the  inward  Virtues  and  Qualifications,  and 
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what  properties  governs  in  each  thing ;  you  may  as  it  were 
insensibly  commit  great  Errors  in  the  Smallest  and  Meanest 
Preparations,  as  indeed  most  do  for  want  of  an  inward  under- 
standing of  the  forms  of  Nature  ;  and  remember  this  that  the 
nearer  you  come  to  Nature,  and  the  more  you  imitate  her,  the 
nearer  you  are  to  Truth.  Now  as  to  Barley,  God  and  His 
Handmaid  Nature  have  signed  and  indued  it  with  that  most 
Amiable  Colour  White,  which  of  all  Colours  and  Complexions 
have  the  first  place ;  therefore  in  your  Preparation  and  Digestion 
of  Mault  use  no  violence  that  may  cause  it  to  degenerate,  but 
on  the  contrary,  use  all  Art  and  Means  to  maintain  it,  for  the 
whiter  yom*  drink  is  the  better  and  more  healthful,  having  a 
mild  or  gentle  Operation ;  it  is  not  so  apt  to  send  dulling,  gross 
thick  Fumes  and  Vapours  into  the  head,  nor  to  heat  the  Blood, 
or  obstruct  the  passages ;  and  I  must  here  tell  you  one  truth ; 
namely,  that  White  Ale  of  a  middle  strength  drank  new  have 
the  first  place  of  all  firmented  Drinks,  and  is  the  best  against 
the  Generation  of  the  Stone,  Gravel,  and  Gout,  excepting  good^ 
mild,  soft  Water,  which  is  the  radix  of  all  moist  nourishment. 

"  There  is  another  Error  in  the  drying  and  Killning  of  Mault, 
there  being  but  few  that  do  keep  their  Kills  so  free  from  Smoak 
as  they  ought,  for  Smoak  being  extremely  prejudicial  to  the 
Mault,  and  also  to  such  as  shall  drink  the  Beer  or  Ale  made 
thereof;  for  if  this  stupifying,  keen.  Fume  or  Vapour  be  not 
prevented  from  passing  through  and  incorporating  with  the 
Mault,  which  is  by  its  preparation  made  easily  penetrable,  and 
is  therefore  presently  hurt  or  wounded  by  this  sharp,  keen, 
fulsome,  gross  vapour,  which  is  full  of  Dark  Sulpheros  Excre- 
ments, which  the  Fire  and  Light  casts  forth  as  an  Abomination, 
being  void  of  all  real  Virtues,  containing  a  gross  Humidity,  and 
fierce  keen  quality,  very  pernicious  to  the  Health ;  for  Smoak 
proceeds  firom  the  poisonous  juices,  and  original  Liquor  which 
the  Fire  and  Air  sends  forth  for  the  Fire  devides  ana  seperates 
the  Forms  and  Properties  of  Nature,  and  manifests  what 
qualities,  both  Vices  and  Virtues,  that  lie  in  the  Boot,  which 
so  long  as  the  thing  remained  intire,  nothing  of  this  poysonous 
quality  was  seen  or  known,  Smoak  being  an  Excrement  or 
thing  that  all  people  endeavour  to  avoid,  as  being  the  most 
prejudicial  to  the  fine  Volatile  Spirits,  and  therefore  most 
offensive  to  the  Eyes,  for  they  are  the  Gates  to  the  whole  Body, 
where  the  Natural  Spirits  have  their  ingress,  egress,  and 
regress  ;  and  for  this  cause,  Smoak  does  first  offend  the  eyes, 
or  any  other  Stupifying  Fume  or  Vapour,  either  externally  or 
internally,  and  therefore  when  anyone  shall  eat  ill-prepared 
Foods  or  Drink  the  like  Drinks,  when  the  Natural  Heat  of  the 
Stomach,  and  Concoctive  Faculty  does  separate  such  Food  or 
Drinks,  they  do  as  naturally  send  up  into  the  Head,  gross 
excrementitious  Vapours,  very  offensive  to  Nature,  especially 
the  eyes,  (as  Coal  or  Wood  does  Smoak)  the  like  is  to  be 
miderstood  when  any  shsdl  overcharge  their  Stomachs  with  too 
great  a  quantity  of  Meats  and  Drinks ;  also  how  inimical  it  is 
to  Nature  is  farther  manifested  by  its  black  Sooty  substance 
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which  it  leaves  behind  it,  and  by  its  destroying  vegetation,  for 
it  contains  two  poisonous  qualities,  viz.,  a  strong  Bitter,  from 
Mars,  and  a  fulsom  astringent  from  Saturn,  its  black  colour 
denotes  that  its  predominant  quality  is  from  the  venomous 
Centre  of  Saturn  ;  therefore  in  the  drying  of  Mault,  there  ought 
to  be  great  Care  taken  that  it  be  not  Smoaked,  for  Smoak  doea 
also  help  to  advance  that  dull,  heavy,  reddish  colour  in  Drinks 
which  to  avoid.  Stones  are  good  and  profitable  for  that 
purpose,  being  placed  in  the  midst  of  your  Eall  that  the  heat 
may  equally  distribute  itself  to  all  parts,  all  the  Smoak  being 
conveyed  away  by  a  Funnel  aptly  placed ;  when  your  Mault  is 
dry,  let  it  not  cool  on  the  Kill,  but  presently  throw  it  off,  not 
in  a  heap,  but  spread  it  wide  in  cm  airy  place  until  it  be 
thorough  cool,  then  heap  it,  or  otherwise  dispose  of  it.  But 
the  best  and  most  natural  way  of  drying  Mault  is  in  the  Sun  in 
April  or  May,  especially  for  those  that  makes  but  small 
Quantities  for  their  own  use,  this  makes,  not  only  the  palest, 
but  the  most  Kindly  and  Wholesome  of  all  others ;  the  Drink 
made  thereof  has  a  delicate  fine  mildness,  being  of  a  warmins^ 
exhilerating  quality,  not  so  apt  to  heat  the  Body,  nor  send 
Fumes  into  the  Head.  In  all  hot  Seasons  it  may  be  done,  every 
Man  may  dry  enough  for  his  own  use ;  also  it  may  be  done  to 
great  advantage  in  hot  Climates,  as  in  Barbadoes ;  their  Indian 
Com  will  make  very  good  Mault,  and  consequently  good  Ale, 
but  it  must  have  a  few  Hops  in  it.  Of  Late,  some  have 
covered  over  their  Kills  with  Wyer  instead  of  Hair-cloth,  which 
is  much  the  better  way,  which  doth  not  only  dry  it  sooner, 
but  cleaner  and  much  sweeter ;  for  by  means  of  this  grate,  as 
one  may  call  it,  the  properties  of  the  Fire  passeth  away  more 
freely,  and  the  sweetening  Vapours  of  the  Air  are  not  so  much 
hindered  from  circulating,  and  therefore  not  so  much  humidity 
contracted;  but  their  Cloaths  are  thick,  which  prevents  the 
fier^  Sulpberous  Vapours  from  passing  Away,  so  that  these 
raging  Vapours  and  nery  Spirits  are  as  it  were  beat  back,  and 
there  they  with  great  violence  seek  their  Centre  whence  they 
proceed,  that  is,  re-enter  the  Fire,  but  finding  no  agreeable 
Matter  or  Body  to  incorporate,  they  become  the  more  intense 
and  raging,  do  with  a  rapid  motion  ascend,  by  which  means 
the  Heat  which  comes  through  the  cloth,  is  still  the  more 
stupifying,  sulpberous,  p;ross  and  hurtful  to  the  Mault,  as  is 
most  Manifest  by  the  Airs  in  all  close  places,  as  where  Stoves 
are,  the  Air  having  no  free  Circulation ;  besides  they  are  more 
cleanly  and  apt  for  all  good  purposes,  and  your  Mault  will  be 
whiter,  and  afford  more  lively  brisk  spirits.  It  is  further  to 
be  noted,  that  most  people  are  of  opinion  that  Mault  does  brew 
to  the  greatest  advantage,  and  make  Stronger  and  more  Drink 
if  they  grind  it  5,  6,  7,  or  8  days  or  more  before  they  Brew ; 
for,  say  they,  that  the  Mault  lying  some  time  together  after 
ground,  do  occasion  its  dr]mess  and  hardness  to  give,  and 
as  it  were,  become  mellow  or  yielding,  by  which  means  it  is 
the  easier  dissolved,  and  the  hot  Liquor  does  the  more  aptly 
penetrate  all  parts  thereof ;  which  is  all  true,  and  yet  you  havQ 
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no  real  advantage  thereby,  but  the  contrary  is  to  be  under- 
stood ;  for  as  I  have  told  you  before,  the  gross  body  is  but  the 
House,  or  a  covering  place  for  the  fine  spirituous  Vertues, 
-which  inward  powers  are  not  perceptable  unto  your  sight,  and 
if  you  by  any  undue  order  or  method  of  digestion  offer  violence 
to  them  then  immediately  these  spirituous  qualities  will 
according  to  the  degrees  of  the  injury  done,  evaporate  in  an 
invisible  breath  or  air,  and  then  the  Body,  be  what  it  will, 
becomes  sick,  and  by  degrees  will  die  and  perish.  As  for 
example.  Take  a  Quart  of  lively  brisk  Beer  or  Ale,  warm  it 
well,  then  set  it  by  for  3  or  4  hours,  and  you  will  find  that  it 
will  have  lost  all  its  sparkling  lively  good  qualities  and  spirits, 
and  yefc  you  have  your  Measure,  it  hath  not  lost  any  of  its 
quantity,  but  only  in  quality.  The  like  is  not  to  be  understood 
in  all  other  things,  according  to  the  nature  of  each,  more 
especially  those  things  that  have  passed  through  any  Digestion 
and  Fermentation  as  Mault  hath,  whose  Body  is  thoroughly 
opened,  which  have  imlocked  all  the  doors  of  the  harsh 
astringent  chambers  of  Saturn  and  Mars,  and  thereby  have,  as 
it  were,  set  at  liberty  the  sweet  exhilerating  spirituous  Vertues 
of  Sol  and  Venus,  tnat  on  every  affront  or  violence  done  them 
they  are  on  the  wing,  therefore  Mault  if  ground  5,  6,  7,  or  8 
days  before  it  be  used,  the  spirituous  parts  and  best  virtues 
will  evaporate,  no  Art  can  prevent  it,  and  such  Mault  will  not 
make  so  much  Drink,  nor  so  good  as  that  which  is  new  ground, 
for  when  the  Body  is  broken,  the  Spirits  is  so  nimble  or  volatile, 
that  there  is  no  Vessel  so  close  that  will  retain  them,  and  if  the 
Vessel  could,  the  Spirits  are  so  fine  and  tender,  that  they  will 
be  strangled  or  suffocated,  nothing  can  hold  or  contain  them, 
but  its  own  Body,  or  a  proper  Menstruum,  for  this  Cause 
Mault  ought  not  to  be  ground  above  6,  8,  or  10  hours  before 
you  put  it  into  your  Mash-tub,  which  will  afford  a  better, 
stronger,  and  a  more  spirituous  Liquor  or  Wort,  than  that 
which  lies  ground  6,  7,  8,  or  10  days  oefore  you  Brew,  nothing 
but  practice  will  convince  the  imleamed;  111  customs  have 
greater  power  over  Mankind,  than  either  the  Law  of  God  or 
Nature,  but  Wisdom  is  justified  of  her  children.'* 

Two  generations  later,  **  A  person  formerly  concerned  in  a 
Public  Brewhouse  in  London  "  *  wrote  a  volume  of  332  pp., 
that  ran  through  seven  editions.  Only  nine  pages  of  this 
book  were  devoted  to  malt. 

As  these  books  are  rare,  and  now  appear  quaint  and  anti- 
quated, I  will  give  the  nine  pages  in  full  (pp.  5-14). 

It  is  well  to  observe  that  in  nearly  all  the  apparently 
absurd  notions  of  the  past,  a  certain  substratum  of  fact  under- 
lies the  ignorance  and  nonsense  expressed. 

Probably  the  most  mischievous  writer  upon  the  subject  was 
Combrune,  who,  although  he  wrote  a  book  of  much  value, 
conducted  and  recorded  experiments  relating  to  temperatures 
of  drying  malt,  which  contmue  to  produce  evil  at  the  present 
day.    His  works,  together  with  Beynoldson's,  Steel's,  Leves- 

*  The  London  and  Coimtry  Brewer.  A  New  Tieatifle  on  Liquor.  London,  1759, 
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qne's,  Tizard's,  and  numerous  other  modem  writersi  are  still 
easily  obtained. 

"  Op  Making  Malt.  By  a  Person  formerly  concerned  in 
a  public  Brewhouse  in  London. — ^As  I  have  described  the 
Ground  that  returns  the  best  Barley,  I  now  come  to  treat  of 
making  it  into  Malt ;  to  do  which,  the  Barley  is  put  into  a 
leaden  or  tiled  Cistern,  that  holds  five,  ten,  or  more  Quarters, 
that  is  covered  with  Water,  four  or  six  Inches  above  the 
Barley,  to  allow  for  its  Swell ;  here  it  lies  five  or  six  Tides,  as 
the  Maltster  calls  it,  reckoning  twelve  Hours  to  the  Tide, 
according  as  the  Barley  is  in  Body  or  in  Dryness ;  for  that 
which  comes  off  Clay,  or  has  been  washed  and  damaged  by 
Bains,  requires  less  Time  than  the  dryer  Grains  that  was 
inned  well,  and  ^ew  on  Gravels  or  Chalks;  the  smooth 
plump  Com  imbibing  the  Water  more  kindly,  when  the  lean 
and  steely  Barley  will  not  so  naturally ;  but  to  know  when  it 
is  enough,  is  to  take  a  Com,  end-ways,  between  the  Fingers, 
and  gently  crush  it,  and  if  it  is  in  sdl  Parts  mellow,  and  the 
Hulk  opens,  or  starts  a  little  firom  the  Body  of  the  Com,  then 
it  is  enough.  The  Nicety  of  this  is  a  material  Point ;  for  if  it 
is  infused  too  much,  the  sweetness  of  the  Malt  will  be  greatly 
taken  off,  and  3rield  the  less  Spirit,  and  so  vnll  cause  Deadness 
and  Sourness  in  Ale  or  Beer  in  a  short  Time,  for  the  Goodness 
of  the  Malt  contributes  much  to  the  Preservation  of  all  Ales 
and  Beers.  Then  the  Water  must  be  drained  from  it  very 
well,  and  it  will  come  equal  and  better  on  the  Floor,  which 
may  be  dentin  twelve  or  sixteen  Hours  in  temperate  Weather, 
but  in  cold  near  thirty.  From  the  Cistenf,  it  is  put  into  a 
square  Hutch  or  Couch,  where  it  must  lie  thirty  Hours,  for 
the  Officer  to  take  his  Gage,  who  allows  four  Bushels  in  the 
Score  for  the  swell  in  this  or  the  Cistern ;  then  it  must  be 
worked  Night  and  Day  in  one  or  two  Heaps,  as  the  Weather 
is  cold  or  hot,  and  turned  every  four,  six,  or  eight  Hours,  the 
outward  Part  inwards,  and  the  Bottom  upwards,  always 
keeping  a  clear  Floor,  that  the  Com  that  lies  next  to  it  be  not 
chilled ;  and  as  soon  as  it  begins  V>  come  or  spire,  then  turn 
it  every  three,  four,  or  five  Hours,  as  was  done  before, 
according  to  the  Temper  of  the  Air,  which  greatly  governs  this 
Management,  and  as  it  comes  or  works  more,  so  must  the 
Heap  be  spreaded  and  thinned  larger  to  cool  it.  Thus  it  may 
lie  and  be  worked  on  the  Floor  in  several  Parallels,  two  or 
three  Feet  thick,  ten  or  more  Feet  broad,  and  fourteen  or 
more  in  Length,  to  chip  or  spire,  but  not  too  much  nor  too 
fast ;  and  when  it  is  come  enough,  it  is  to  be  turned  twelve  or 
sixteen  Times  in  twenty-four  Hours,  if  the  Season  is  warm,  as 
in  March,  April,  or  May  ;  and  when  it  is  fixed,  and  the  Broot 
begins  to  be  dead,  then  it  must  be  thickened  again,  and  care- 
fully kept  often  turned  and  worked,  that  the  Growing  of  the 
Boot  may  not  revive,  and  this  is  better  done  with  the  Shoes  off 
than  on,  and  here  the  Workman's  Art  and  Diligence  in 
particular  is  tried,  in  keeping  the  Floor  clean,  and  turning  the 
Malt  ofteni  that  it  neither  moulds  nor  aker-spires,  that  is,  that 
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the  Blade  does  not  grow  oat  at  the  opposite  end  of  the  Boot ; 
for,  if  it  does,  the  l^lower  and  Strength  of  the  Malt  is  gone, 
and  nothing  left  behind  but  the  Acre-spire,  Husk,  and  Tail. 
Now  when  it  is  at  this  Degree,  and  fit  for  the  Kiln,  it  is  often 

Practised  to  pat  it  into  a  Heap,  and  let  it  lie  twelve  Hours 
efore  it  is  turned,  to  heat  and  mellow,  which  will  much 
improve  the  Malt  if  it  is  done  with  moderation,  and  after  that 
Time  it  must  be  tamed  every  six  Hours  during  twenfcy-four ; 
but  if  it  is  over-heated,  it  will  become  like  Grease  and  be 
spoiled,  or  at  least  cause  the  Drink  to  be  unwholesome. 
When  this  Operation  is  over,  it  then  must  be  put  on  the  Kiln, 
to  dry  four,  six,  or  twelve  Hours,  according  to  the  Nature  of 
the  Malt,  for  the  pale  Sort  requires  more  Leisure,  and  less 
Fire  than  the  amber  or  brown  Sorts.  Three  Inches  t^ack  was 
formerly  thought  a  sufficient  Depth  for  the  Malt  to  lie  on  the 
Hair-cloth,  but  now  six  is  often  allowed  it  to  a  Fault;  fourteen 
or  sixteen  Feet  square  will  dry  about  two  Quarters,  if  the 
Malt  lies  four  Inches  thick,  and  here  it  should  be  turned  every 
two,  three,  or  four  Hours,  keeping  the  Hair-cloth  clear.  The 
Time  of  preparing  it  from  the  Cistern  to  the  Kiln  is  uncertain, 
according  to  the  Season  of  the  year,  in  moderate  Weather, 
three  Weeks  are  often  sufficient.  If  the  Exciseman  takes  his 
Gage  on  the  Floor,  he  allows  Ten  in  the  Score,  but  he  some- 
times gages  in  Cistern,  Couch,  Floor,  and  Kiln,  and  where  he 
can  make  most,  there  he  fixes  his  Charge.  When  the  Malt  is 
dried,  it  must  not  cool  on  the  Kiln,  but  be  directly  thrown  off, 
not  into  a  Heap,  but  spreaded  wide  in  an  airy  Place,  till  it  is  tho- 
roughly cool,  then  put  it  into  a  Heap,  or  otherwise  dispose  of  it. 
'*  There  are  several  Methods  used  in  drjdng  of  Malts,  as  the 
Iron  plate-Frame,  the  Tile  Frame,  that  are  both  full  of  little 
holes  :  The  Brass-wired  and  Iron-wired  Frame,  and  the  Hair- 
cloth ;  the  Iron  and  Tiled  ones  were  chiefly  invented  for  drying 
of  brown  Malts,  and  saving  of  Fuel,  for  these,  when  they  come 
to  be  thoroughly  hot,  will  make  the  Corns  crack  and  jump  by 
the  Fierceness  of  their  Heat,  so  that  they  will  be  roasted  or 
scorched  in  a  little  Time,  and  after  the^  are  off  the  Kiln,  to 
plump  the  Body  of  the  Corn,  and  make  it  take  the  Eye,  some 
will  sprinkle  Water  over  it,  that  it  may  meet  with  the  better 
Market.  But  if  such  Malt  is  not  used  quickly,  it  will  slacken 
and  lose  its  Spirits  to  a  greats  Degree,  and  perh9,ps,  in  half 
a  Year  or  less,  may  be  taken  by  the  Whools  and  spoiled :  Such 
hasty  Dryinss,  or  Scorchings,  are  also  apt  to  bitter  the  Malt, 
by  bWning  its  Skin,  aad  therefore  these  iuns  are  not  so  much 
used  now  as  formerly.  The  Wire  Frames  indeed  are  some- 
thing better,  yet  they  are  apt  to  scorch  the  outward  Fart  of 
the  Com,  that  cannot  be  got  off  so  soon  as  the  Hair-cloth 
admits  of,  for  these  must  be  swept  when  the  other  is  only 
turned  at  once ;  however,  these  last  three  ways  are  now  in 
much  Bequest  for  drying  pale  and  amber  Malts,  because  their 
Fire  may  be  kept  with  more  Leisure,  and  the  Malt  more 
gradually  and  truer  dried,  but  by  many  the  Hair-cloth  is 
reckoned  the  best  of  all. 
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"  Malts  are  dryed  with  several  Sorts  of  Fuel :  as  the  Coak» 
"Welch-coal,  Straw,  Wood,  and  Fern,  and  etc.  But  the  Coak 
is  reckoned  by  most  to  exceed  all  others  for  making  Drink  of 
the  finest  Flavour  and  pale  Colour,  because  it  sends  no  Smoak 
forth  to  hurt  the  Malt  with  any  offensive  Tang,  that  Wood, 
Fern,  and  Straw  are  apt  to  do  in  a  lesser  or  greater  Degree ; 
but  there  is  a  Difference  even  in  what  is  callea  Coak,  the  right 
Sort  being  large  Pit-coal  charked  or  burnt  in  some  Measure 
to  a  Cinder,  'tUl  all  the  Sulphur  is  consumed  and  evaporated 
away,  which  is  called  Coak,  and  this,  when  it  is  truly  made,  is 
the  best  of  all  other  Fuels ;  but  if  there  is  but  one  Cinder  as 
big  as  an  E^g  that  is  not  thoroughly  cured,  the  Smoak  of  this 
one  is  capable  of  doing  a  little  Damage,  and  this  happens  too 
often  by  the  Negligence  or  Avarice  of  the  Coak  maker :  There 
is  another  Sort,  by  some  wrongly  called  Coak,  and  rightly 
named  Culm  or  Welch-coal,  from  Swanzey  in  Pembrokesnire, 
being  of  a  hard  stony  Substance,  in  small  Bits,  resembling  a 
shining  Coal,  and  will  burn  without  Smoak,  and  by  its 
sulphureous  Effluvia  cast  a  most  excellent  Whiteness  on  all 
the  outwaird  Parts  of  the  grainy  Body  :  In  Devonshire  I  have 
seen  their  Marble  or  grey  Fire-stone  burnt  into  Lime  with  the 
strong  Fire  that  this  Culm  makes,  and  both  this  and  the 
charked  Pit-coal  afford  a  most  sweet,  moderate,  and  certain 
Fire  to  all  Malt  that  is  dried  by  it. 

"  Straw  is  the  next  sweetest  Fuel,  but  Wood  and  Fern  worst 
of  all. 

"  Some.  I  have  known  put  a  Peck  or  more  of  Pease,  and  malt 
them  with  five  Quarters  of  Barley,  and  they  will  greatly  mellow 
the  Drink,  and  so  will  Beans ;  but  they  won't  come  so  soon, 
nor  mix  so  conveniently  with  the  Malt,  as  the  Pea  will. 

"  I  know  a  Farmer,  when  he  sends  five  Quarters  of  Barley 
to  be  malted,  puts  in  half  a  Peck  or  more  of  Oats  amongst 
them,  to  prove  he  h.as  Justice  done  him  by  the  Maker,  who 
is  herebv  consined  not  to  change  his  Malt,  by  reason  Others 
won't  like  such  a  Mixture. 

*'  But  there  is  an  Abuse  sometimes  committed  by  a  necessitous 
Maltster,  who,  to  come  by  Malt  sooner  than  ordinary,  makes 
Use  of  Barley  before  it  is  thoroughly  sweated  in  the  Mow,  and 
then  it  never  makes  right  Malt,  but  will  be  steely  and  not 
yield  a  due  Quantity  of  Wort,  as  I  knew  it  once  done  by  a 
Person  that  thrashed  the  Barley  immediately  from  the  Cart 
as  it  was  brought  out  of  the  Field,  but  they  that  used  its  Malt 
suffered  not  a  Little,  for  it  it  was  impossible  it  should  be  good, 
because  it  did  not  thoroughly  chip  or  spire  on  the  Floor,  which 
caused  this  Sort  of  Malt,  when  the  Water  was  put  to  it  in 
the  Mash-tub,  to  swell  up  and  absorb  the  Liquor,  but  not  re* 
turn  its  due  Quantity  again,  as  true  Malt  would ;  nor  was  the 
Drink  of  this  Malt  ever  good  in  the  Barrel,  but  remained  a 
raw,  insipid  Beer,  past  the  Art  of  Man  to  cure,  because  this 
like  Cyder  made  from  Apples  directly  off  the  Tree,  that  never 
sweated  out  their  phlegmatic  crude  Juice  in  the  Heap,  cannot 
produce  a  natural  Liquor  from  such  unnatural  Management : 
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for  Barley  certainly  is  not  fit  to  make  Malt  of  'till  it  is  folly 
mellowea  and  sweated  in  the  Mow,  and  the  Season  of  the  Year 
is  ready  for  it,  without  both  which  there  can  be  no  Assurance 
of  good  Malt :  Several  Instances  of  this  untimely  making 
Malt  I  have  known  to  happen  ;  that  has  been  the  Occasion  of 
great  Quantities  of  bad  Ales  and  Beers  ;  for  such  Malt  retain- 
ing some  of  its  Barley  Nature,  or  that  the  Season  of  the  Year 
is  not  cold  enough  to  admit  of  its  natural  Working  on  the 
Floor,  is  not  capable  of  producing  a  true  Malt,  but  will  cause 
its  Drink  to  stink  in  the  Cask  instead  of  growing  fit  for  use,  as 
not  having  its  genuine  Malt  Nature  to  cure  and  preserve  it, 
which  all  good  Malts  contribute  to  as  well  as  the  Hop. 

"  There  is  another  Damage  I  have  known  to  accrue  to  the 
Buyer  of  Malt  by  Mellilet,  a  most  stinking  Weed  that  grows 
among  some  Barley,  and  is  so  mischievously  predominant,  as 
to  taint  it  to  a  bad  Degree,  because  its  black  Seed,  like  that  of 
an  Onion,  being  lesser  than  the  Barley,  cannot  be  intirely 
separated,  which  obliges  it  to  be  malted  with  the  Barley,  and 
makes  the  Drink  so  heady,  that  it  is  apt  to  fuddle  the  Unwary 
by  drinking  a  small  Quantity :  This  Weed  is  so  natural  to 
some  Ground,  that  the  Farmer  despairs  of  ever  extirpating  it, 
and  is  to  be  avoided  as  much  as  possible,  because  it  very  much 
hurts  the  Drink  that  is  made  from  Malt  mixed  with  it,  by  its 
nauseous  Scent  and  Taste,  as  may  be  perceived  by  the  Oint- 
ment made  with  it  that  bears  its  Name  :  I  knew  a  Victualler 
that  bought  a  Parcel  of  Malt  that  this  Weed  was  amongst,  and 
it  spoiled  all  the  Brewings  and  Sale  of  the  Drink,  for  it  is  apt 
to  cause  Fevers,  Colics,  and  other  Distempers  in  the  Body. 

**  Darnel  is  a  rampant  Weed  and  grows  much  among  some 
Barley,  especially  in  the  bad  Husbandman's  Ground,  and  most 
where  it  is  sown  with  the  Seed-barley :  It  does  the  least 
Harm  amongst  Malt,  because  it  adds  Strength  to  it,  and 
quickly  intoxicates,  if  there  is  much  in  it ;  but  where  there 
IS  but  little  the  Maltster  regards  it  not,  for  the  Sake  of  its 
inebriating  Quality.  There  are  other  Weeds  or  Seeds  that 
annoy  the  Barley,  but  as  the  Screen,  Sieve,  and  Throwing  will 
take  most  of  them  out,  there  does  not  require  here  a  Detail  of 
their  Particulars.  Oats,  malted  as  Barley  is,  will  make  a  weak, 
soft,  meUow,  and  pleasant  Drink ;  but  the  Wheat,  when  done 
so,  will  produce  a  strong,  heady,  nourishing,  well-tasted,  and 
fine  Liquor,  which  is  now  more  practised  than  ever. 

"  To  Know  a  good  from  bad  Malt. — This  a  matter  of  great 
Importance  to  all  Brewers,  both  public  and  private,  for  it  is 
common  for  the  Sellers  to  cry,  AQ  is  good,  but  the  Buyer's 
Case  is  different :  wherefore  it  is  prudential  to  endeavour  to  be 
Masters  of  this  Knowledge ;  for  I  have  heard  a  great  Maltster 
that  lived  towards  Ware  say,  he  knew  a  grand  Brewer,  that 
wetted  near  two  hundred  Quarters  a  Week,  was  not  a  Judge  of 
good  and  bad  Malts,  without  which  it  is  impossible  to  draw  a 
true  Length  of  Ale  or  Beer.  To  do  this,  I  know  but  of  few 
Ways,  First,  By  the  Bite ;  is  to  break  the  Malt-corn  across 
between  the  Teeth,  in  the  Middle  of  it  or  at  both   ends» 
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and  if  it  tasteth  mellow  and  sweet,  has  a  round  Body,  breaks 
soft,  is  full  of  Flour  all  its  Length,  smells  well,  and  has  a  thin 
Skin,  then  it  is  good.  Secondly,  By  Water ;  is  to  take  a  Glass 
near  full,  and  put  in  some  Malt,  and  if  it  swims,  it  is  right,  but 
if  any  sinks  to  the  Bottom,  then  it  is  not  true  Malt,  but  steely, 
and  retains  somewhat  of  its  Barley  Nature ;  yet  I  must  own 
this  is  not  an  infallible  Bule,  because  if  a  Com  of  Malt  is 
cracked,  split,  or  broke,  it  will  then  take  the  Water  and  sink, 
but  there  may  an  Allowance  be  given  for  such  Incidents,  and 
still  Boom  enough  to  make  a  Judgment.  Thirdly,  Malt,  that 
is  truly  made,  will  not  be  hard  and  steely,  but  of  so  mellow  a 
Nature,  that  if  forced  against  a  dry  Board,  will  mark,  and  cast 
a  white  Colour  almost  like  Chalk.  Fourthly,  Malt  that  is  not 
rightly  made  will  be  Part  of  it  of  a  hard  Barley  Nature,  and 
weigh  heavier  than  that  which  is  true  Malt. 

"  Of  the  Nature  and  Use  of  Pale,  Amber,  and  Brown 
Malts. — The  pale  Malt  is  the  slowest  and  slackest  dried  ot 
any,  and  where  it  has  had  a  leisure  Fire,  a  sufficient  Time 
allowed  it  on  the  Eiln,  and  a  due  Care  taken  of  it,  the  Flour 
of  the  Grain  will  remain  in  its  full  Quantity,  and  thereby 
produce  a  greater  Length  of  Wort,  than  the  brown  high  dried 
Malt,  for  which  Beason  it  is  sold  for  one  or  two  Shillings  per 
Quarter  more  than  that ;  This  Pale  Malt  is  also  the  most 
nutritious  sort  to  the  Body  of  all  others,  as  being  in  this  State 
the  most  simple  and  nearest  to  its  original  Barleycorn,  that 
will  retain  an  alcalous  and  balsamic  Quality  much  longer  than 
the  brown  Sort ;  the  tender  Drying  of  this  Malt  bringing  its 
Body  into  so  soft  a  Texture  of  Parts,  that  most  of  the  great 
Brewers  brew  it  with  Spring  and  Well-waters,  whose  hard  and 
binding  Properties  they  think  agree  best  with  this  loose-bodied 
Malt,  either  in  Ales  or  Beers,  and  which  will  also  dispense  with 
hotter  Waters  in  brewing  of  it,  than  the  brown  Malt  can. 

**  The  amber-coloured  Malt  is  that  which  is  dried  in  a 
medium  Degree,  between  the  Pale  and  the  Brown,  and  is  very 
much  in  Use,  as  being  free  of  either  Extreme.  Its  Colour  is 
pleasant,  its  Taste  agreeable,  and  its  Nature  wholesome,  which 
makes  it  to  be  preferred  by  many  as  the  best  of  Malts ;  this  by 
some  is  brewed  either  with  hard  or  soft  Waters,  or  a  Mixture 
of  both.  The  brown  Malt  is  the  soonest  and  highest  dried  of 
any,  even  till  it  is  so  hard,  that  it  is  difficult  to  bite  some  of  its 
Corns  asunder,  and  is  often  so  crusted  or  burnt,  that  the 
farinous  Part  looses  a  great  deal  of  its  essential  Salts  and  vital 
Property,  which  frequently  deceives  its  ignorant  Brewer,  that 
hopes  to  draw  as  much  Drink  from  a  Quarter  of  this,  as  he  does 
from  Pale  or  Amber  Sorts  :  This  Malt,  by  some,  is  thought  to 
occasion  the  Gravel  or  Stone,  besides  what  is  commonly  called 
the  Heart-bum ;  and  is  by  its  steely  Nature  less  nourishing 
than  the  Pale  or  Amber  Malts,  being  very  much  impregnated 
with  the  fiery  fumiserous  Particles  of  the  Eiln,  and  therefore 
its  Drink  sooner  becomes  sharp  and  acid  than  that  made  from 
the  Pale  or  Amber  Sorts,  if  they  are  fairly  brewed :  For  this 
Beason  the  London  Brewers  mostly  use  the  Thames  or  New- 
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Biver  Waters  to  brew  this  Malt  with,  for  the  Sake  of  its  soft 
Nature,  whereby  it  agrees  with  the  harsh  Qualities  of  it  better 
than  any  of  the  Well  or  other  hard  Sorts,  and  makes  a  luscious 
Ale  for  a  little  While,  and  a  But-beer  that  will  keep  very  well 
five  or  six  Months,  but  affcer  that  Time  it  generally  grows  stale, 
notwithstanding  there  be  ten  or  twelve  Bushels  allowed  to  the 
Hogshead,  and  it  be  hopped  accordingly. 

'*  Pale  and  Amber  Malts  dried  with  Coak  or  Culm,  obtain  a 
more  clean,  bright,  pale  Colour,  than  if  dried  with  any  other 
Fuel,  because  there  is  not  Smoak  to  darken  and  sully  their 
Skins  or  Husks,  and  give  them  an  ill  Belish,  that  those 
Malts  little  or  more  have,  which  are  dried  with  Straw,  Wood, 
or  Fern,  etc.  The  Coak  or  Welch  Coal  also  makes  more  true 
and  compleat  MaJt,  as  I  have  before  hinted,  than  any  other 
Fuel,  because  its  Fire  gives  both  a  gentle  and  certain  Heat, 
whereby  the  Corns  are  in  all  their  Parts  gradually  dried,  and 
therefore  of  late  these  Malts  have  gained  such  a  Beputation 
that  great  Quantities  have  been  consumed  in  most  Parts  of 
the  Nation  for  their  wholesome  Natures  and  sweet  fine  Taste. 
These  make  such  fine  Ales  and  But-beers,  as  has  tempted 
several  of  our  Maltsters  in  my  Neighbourhood  to  bum  Coak 
or  Culm  at  a  great  Expense  of  Carriage  thirty  Miles  from 
London. 

"Next  to  the  Coak-dried  Mali;,  the  Straw-dried  is  the 
sweetest  and  best  tasted :  This,  I  must  own,  is  sometimes 
well  malted,  where  the  Barley,  Wheat,  Straw,  Conveniences, 
and  the  Maker's  Skill  are  good ;  but  as  the  Fire  of  the  Straw 
is  not  BO  regular  as  the  Coak,  the  Malt  is  attended  with 
more  Uncertainty  in  its  Making,  because  it  is  difficult  to  keep 
it  to  a  moderate  and  equal  Heat,  and  also  exposes  the  Malt 
in  some  Degree  to  the  Taste  of  the  Smoak. 

"  Brown  Malts  are  dried  with  Straw,  Wood,  and  Fern,  etc. 
The  Straw-dried  is  far  the  best,  but  the  Wood-sort  has  a  most 
unnatural  Taste,  that  few  can  bear  with,  but  the  Necessitous, 
and  those  that  are  accustomed  to  its  strong  smoaky  Tang; 
yet  it  is  much  used  in  some  of  the  Western  Parts  of  England, 
and  many  thousand  Quarters  of  this  Malt  have  been  formerly 
used  in  London  for  brewing  the  Butt-keeping  Beers  with,  and 
that  because  it  sold  for  two  Shillings  per  Qu^er  cheaper  than 
the  Straw-dried  Malt ;  nor  was  this  Quality  of  the  Wood-dried 
Malt  much  regarded  by  some  of  its  Brewers,  for  that  its  ill 
Taste  is  lost  in  nine  or  twelve  Months,  by  the  Age  of  the 
Beer,  and  the  Strength  of  the  great  Quantity  of  Hops  that  were 
used  in  its  Preservation. 

•'  The  Fern-dried  Malt  is  also  attended  with  a  rank  dis- 
agreeable Taste  from  the  Smoak  of  this  Vegetable,  with  which 
many  Quarters  of  Malt  are  dried,  as  appears  by  the  great 
Quantities  annually  cut  by  Maltsters  on  our  Commons,  for  the 
two  prevalent  Beasons,  Cheapness  and  Plenty. 

"  At  Bridport  in  Dorsetshire  I  knew  an  Inn-keeper  use  half 
Pale  and  half  Brown  Malt  for  brewing  his  Butt-beers,  that 
proved  to  my  Palate  the  best  I  ever  drank  on  the  Boad,  which 
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I  think  may  be  accotmted  for,  in  that  the  Pale  being  the 
slackest,  and  the  Brown  the  hardest  dried,  must  produce  a 
mellow  ^ood  Drink,  by  the  Help  of  a  requisite  Age,  that  will 
reduce  those  Extremes  to  a  proper  Quality." 

Later,  considerable  strides  were  made  in  the  actual  scientific 
comprehension  of  changes  effected  in  grain  by  the  malting 
process.  Unfortunately,  our  own  counti^men  confined  them- 
selves very  largely  to  mere  practical  modes  of  working.  As 
these  were  chiefly  unscientific  and  ignorant,  we  may  at  once 
pass  over  succeeding  writers,  but  care  has  been  taken  to  record 
and  tabulate  the  opinions  and  usages  of  a  number  of  them  in 
the  different  chapters,  especially  in  those  cases  where  the 
opinions  and  experiences  oi  good  practical  men  are  still  of  use. 
For  a  lengthened  hst  of  works,  see  Bibliography,  chapter  xix. 

I  can,  however,  scarcely  conclude  this  chapter  without 
quoting  the  poetical  description  of  malting  given  by  Bums. 

JOHN  BARLEYCOKN.* 
A  Ballad* 

I. 

There  were  three  kings  into  the  east. 

Three  kings  both  great  and  high, 
And  they  hae  sworn  a  solemn  oath 

John  Barleycorn  should  die. 

n. 

They  took  a  plough  and  ploughed  him  down. 

Put  clods  upon  his  head, 
And  they  hae  sworn  a  solemn  oath 

John  Barleycorn  was  dead. 

m. 

But  the  cheerful  spring  came  kindly  on, 

And  show'rs  began  to  fall ; 
John  Barleycorn  got  up  agcun. 

And  sore  surprised  them  all. 

IV. 

The  sultry  suns  of  summer  came. 

And  he  grew  thick  and  strong, 
His  head  well  armed  with  pointed  spears. 

That  no  one  should  him  wrong. 

•  TUs  IB  partly  composed  on  the  plan  of  an  old  aong  known  bj  the  same  naone. 
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V. 

The  Bober  autumn  entered  mild, 

When  he  grew  wan  and  pale ; 
His  bending  joints  and  drooping  head 

Showed  he  begaji  to  fail. 

VI. 

His  colour  sickened  more  and  more, 

He  faded  into  age, 
And  then  his  enemies  began 

To  show  their  deadly  rage. 

vn. 

They've  ta'en  a  weapon  long  and  sharp. 

And  cut  him  by  the  knee, 
Then  tied  him  fast  upon  a  cart 

Like  a  rogue  for  forgerie. 

vin. 

They  laid  him  down  upon  his  back. 

And  cudgelled  him  full  sore ; 
They  hung  him  up  before  the  storm. 

And  turned  him  o'er  and  o'er. 

IX. 

They  filled  up  a  darksome  pit 

With  water  to  the  brim. 
They  heaved  in  John  Barleycorn, 

Then  let  him  sink  or  swim. 

X. 

They  laid  him  out  upon  the  floor 

To  work  him  farther  woe, 
And  still  as  signs  of  life  appeared 

They  tossed  him  to  and  fro. 

XI. 

They  wasted  o'er  a  scorching  flame 

The  marrow  of  his  bones, 
But  a  miller  used  him  worst  of  all. 

He  crushed  him  'tween  two  stones. 
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xn. 

And  they  hae  ta'en  his  very  heart's  blood 
And  drank  it  round  and  round, 

And  still  the  more  and  more  they  drank 
Their  joy  did  more  abound. 

xni. 

John  Barleycorn  was  a  hero  bold. 

Of  noble  enterprise, 
For  if  you  do  but  taste  his  blood, 

'Twill  make  your  courage  rise. 

xrv. 

•TwiU  make  a  man  forget  his  woe ; 

'Twill  heighten  all  his  joy : 
'Twill  make  the  widow's  heart  to  sing, 

Tho'  the  tear  were  in  her  eye. 

XV. 

Then  let  us  toast  John  Barleycorn, 

Each  man  a  glass  in  hand ; 
And  may  his  great  posterity 

Ne*er  fail  in  old  Scotland ! 

B.  Burns. 
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CHAPTER  V. 

AIB,  FUBLS,  AKTISEPTICS,  WATEB. 

Air:— 

Lifluenoe  on  G^mdiiation.    In  Drying.    Saturation-Limit  Tables.    Expan- 
sion Tables. 
FaeflB:— 
Anthracite  Goal.    Analyses  of  Anthracite  snd  Bitmninons  Goals,  Goke,  Peat, 
Oak,  Beech,  Pine,  &o.  Tomldns'  Kiln.  Influence  of  Products  of  Gombnstion. 
Qaantity  of  Fael  required.    Cost. 
Antiseptics:— 

Sulpiinr.    Gauses  of  Putrefaction.    Bisulphite  of  Lime.    Modes  of  Use,  &o. 
Water:— 
Influences  of  Water.    Hard  Water.    Soft  Water. 
Analyses  of  Steep-Liquor. 

Influences    of   Light.     Daubeny's  Experiments.     Stopes'  Experiments    on 
Gtermination. 

Malting  is  a  decaying  industry  in  Great  Britain.  The 
causes  of  this  decay  are  numerous  and  not  difficult  of  discovery. 
For  many  years  the  baneful  effect  of  the  Malt  Tax  was 
regarded  as  the  most  fundamental. 

If  looked  at  solely  from  the  maltsters'  point  of  view,  the 
total  aboUtion  of  this  tax  will  only  do  harm  instead  of  good,  as 
the  monopoly  held  for  many  years  by  barley  is  irrecoverably 
lost,  and  many  other  materials  are  capable  oi  being  used. 

The  days  T^hen  malt-drinks  were  almost  exclusively  con- 
sumed have  passed,  and  the  formidable  rivalry  of  light  wines 
and  spirits,  tea,  coffee,  cocoa,  and,  more  recently,  the  innumer- 
able varieties  of  natural  and  artificial  mineral  waters,  have 
rendered  the  actual  production  of  malt  almost  stationary,  and, 
relatively  to  the  constant  increase  of  population,  retrogressive. 

The  reduction  of  the  wine-duties  has  also  exerted  an  appre- 
ciable influence  upon  the  consumption  of  malt,  and  the  rapid 
spread  of  temperance  principles  must  not  be  overlooked. 

The  increased  extract  now  obtained  from  malt  by  more 
intelligent  mashing,  and  the  greater  quantity  of  beer  produced 
by  the  material  reduction  of  the  original  gravity  of  the  wort, 
tend  to  prevent  such  an  increase  in  quantity  of  malt  made  as 
should  correspond  to  the  greater  amount  of  beer  brewed. 

Sugar  also,  as  used  by  brewers  of  late  years,  assists  very 
materially  to  prevent  any  healthy  growth  in  the  malting  trade. 

Brewing  is  a  progressive  art,  stiU  very  far  from  even  such  a 
degree  of  perfection  as  our  present  knowledge  permits.  Malt 
wiU  most  probably  be  used  so  long  as  beer  is  required,  and 
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efforts  to  improve  the  mode  of  mannfiBMsttire  will  necessarily 
continue  to  be  made.  Whatever  other  material  may  be  fonnd 
to  be  serviceable  in  brewing,  it  is  so  improbable  that  malt  will 
be  abandoned  that  the  question  may  be  at  once  dismissed. 

We  may  assert,  as  almost  equallv  probable,  that  no  other 
material  will  ever  be  fomid  to  malt  so  well  as  barley;  still 
there  are  numerous  other  cereals  and  firuits  which  have  been 
malted  at  various  times  and  proved  to  possess  properties  more 
or  less  valuable  to  different  traders. 

The  following  is  a  list  of  the  substances  convertible  into  malt 
for  commercial  purposes: — 


CSBBALB. 

Barley 
Maize 
Oats 
Bice 

Otheb  Seeds 
Beans 
Peas 

Bye 

Wheat 

The  substances  used  and  agencies  employed  during  the 
process  of  malting  are  very  few  and  simple.  They  are  as 
follows : — 

1.  Air.    Necessary  at  all  stages  until  completion  of  manu- 
facture. 

2.  Fuel       )    j^  ,M^ 
Sulphur ) 

3.  Bisulphite  of  lime^ 

Gypsum  /    In  steeping  cisterns  or  upon  grow* 

Chalk  r       ing  floors. 

4.  Water  ) 

Air. 

Air  plays  a  most  important  part  during  all  stages  of  the 
manufacture  of  malt,  and  consequently  must,  in  certain 
senses,  be  regarded  as  one  of  a  maltster's  materials.  The 
atmosphere  ordinarily  contains  all  that  is  needed  by  germin- 
ating grain  if  rightly  directed  and  controlled.  Without  air, 
malting,  as  commonly  understood,  would  be  impossible.  Nav, 
further  (with  one  exception  only),  every  process  depends  entirely 
upon  two  conditions  of  the  air,  for  the  ^ower  man  possesses 
to  convert  barley  into  malt  in  a  practical  and  commercial 
manner.  These  two  conditions  are  temperature  and  humi- 
dity. 

The  force  of  such  a  sweeping  general  statement  will  be 
better  understood  by  perusal  of  the  following  suggestions  and 
facts. 

Germination  does  not  proceed  in  a  vacuum,  nor  will  com 
grow  in  any  mixture  of  gases  in  which  there  is  not  a  con* 
siderable  percentage  of  oxygen  at  the  normal  pressure  of  the 
atmosphere. 

A  free  circulation  of  air  is  of  the  utmost  consequence  during 
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the  growth  of  harley  or  other  com  upon  the  floors  and  kihis 
daring  drying. 

A  proper  volume  of  air  is  valuable  during  couching,  steeping, 
and  storage  of  barley. 

All  air  is  best  excluded  during  the  storage  of  finished  malt. 

In  a  properly  arranged  malthouse  the  circulation  of  the  air 
is  so  controlled  that  it  may  supply  a  sufficient  quantity  of 
oxygen  to  the  barley  at  all  stages,  and  may  eJso  remove  the 
carbonic  add  gas  and  alcohol,  nsnaUy  generated  and  given  ofif 
by  the  sproutmg  gram. 

It  is  also  desirable  to  allow  the  ^rain  during  the  steeping 
process  to  have  air  passing  through  it  at  intervals.  This  can 
be  effected  in  a  variety  of  ways. 

Germination  will  not  progress  in  air  deprived  of  oxygen,  in 
carbonic  acid  gas,  in  air  containing  oxygen  but  having  over  20  per 
cent,  of  carbonic  acid;  in  pure  oxygen,  in  a  partial  vacuum,  or 
under  a  heavy  pressure  of  common  air  equalling  120  lbs.  per 
square  inch. 

Free  contact  of  air  is  beneficial  during  couching,  so  long  as 
the  moisture  of  the  grain  is  not  evaporated  to  any  appreciable 
extent.  A  strong  current  or  blast  is  undesirable  durmg  any  of 
the  earlier  processes  in  a  malthouse.  If  it  be  adopted  for  any 
reason,  then  care  must  be  taken  to  regulate  its  humidity 
80  as  to  prevent  absorption  of  moisture  by  the  air  from  the 
grain. 

The  final  friability  of  malt  depends  very  largely  upon  the 
nature  and  amount  of  air  which  comes  into  contact  with  it  at 
all  stages  of  malting,  not  excepting  the  time  the  barley  is  soak- 
ing in  steep. 

Grain  which  has  once  been  sufficiently  steeped,  flags  and 
withers  if  dried  by  too  great  a  volume  of  air  passing  over  it. 
Floors  turned  too  fre<}uently,  or  spread  out  too  thin,  are  occa- 
sionally damaged  by  inattention  on  the  part  of  the  maltster  to 
80  simple  and  self-evident  a  fact. 

It  has  been  proved  experimentally  by  several  great  physicists 
that  a  grain  of  com,  when  growing,  absorbs  oxygen  and 
throws  off  carbonic  acid  gas.  This  can  only  be  done  if  the 
grain  be  sufficiently  moist.  The  actual  degree  of  moisture 
requisite  is  not  yet  determined. 

Attention  to  the  condition,  circumstances,  and  consequent 
influences  of  the  air,  during  the  earlier  stages  of  malting,  is 
requisite  for  the  reasons  already  named.  Air,  however,  is 
under  no  circumstances  naturally  pure  in  any  position  in 
which  it  is  practicable  to  make  malt  tor  sale.  We  have  conse- 
quently to  take  into  consideration  the  fact  that  all  air  is  filled 
with  germs  and  organisms  of  a  baneful  and  undesirable 
character. 

This  is  a  matter  of  grave  significance  during  the  stages  of 
growth  of  the  com,  for  the  temperature  and  conditions  smtable 
to  the  vital  existence  of  the  grain  are  very  favourable  to  the 
rapid  reproduction  of  the  numerous  low  organisms  ever  present 
in  air,  and  to  the  development  of  the  germs  of  these  organisms. 

D  2 


88  MALT  AND  MALTING. 

This  factor  is  probably  as  important  as  the  increase  of 
temperature  in  preventing  the  poanction  of  good  malt  during 
the  summer  months.  The  rapid  spread  of  mould  just  before 
withering  in  some  houses  is  entirely  owing  to  imperfect  or 
improper  circulation  of  the  air. 

Durmg  all  the  stages  of  malting,  up  to  loading  the  kiln,  it  is 
desirable  to  have  the  air  cool  and  moist.  Under  no  circum- 
stances ought  air  to  be  admitted  of  a  temperature  exceeding 
62^  or  of  a  dryness  represented  by  under  70  per  cent,  of  the 
relative  humidity. 

When  the  grain  reaches  the  kiln  the  conditions  are  all 
reversed.  Heated  air  has  to  be  applied  at  once,  and  of  as 
great  d^^ess  as  can  be  obtained.  Doubtless  the  chief  reason 
why  heat  is  desirable  is  to  be  found  in  the  fact  that  air  has  its 
saturation-limits  shifted  by  the  accession  of  each  degree  of 
heat.  Thus  air  at  30^  is  dry,  at  60^  its  normal  saturation- 
point  is  only  six  grains  per  cubic  foot,  at  90^  it  is  sixteen 
grains,  at  100^  it  is  twenty  grains,  and  so  on. 

The  significance  of  these  figures  is  not  apparent  at  sight, 
but  in  the  question  of  drying  moist  substances  they  possess  a 
great  value,  which  is  readi^  seen  upon  examination  of  the 
following  hygrometric  tables  (see  p.  39). 

It  is  clear  that  when  a  kiln  floor  is  loaded  with  green  malt, 
certain  work  has  to  be  performed  with  two  agents,  heat  and 
air.  We  know  by  experience  that  each  sixty  quarters  of  malt 
will  take  about  one  ton  of  coal,  although  many  maltsters  are 
too  indifferent  to  the  subject  to  know  even  so  little. 

Assuming  we  have  a  lain  capable  of  drying  fairly  60  quarters 
of  malt,  such  a  kiln  must  have  floors  equal  to  Irom  2,100  to  2,400 
feet  superficial  area.  We  know  the  malt,  when  dry,  will 
weigh  sbbout  42  lbs.  per  bushel.  Depending  upon  the  way  it 
has  been  worked  and  withered,  the  green  malt  contains  from 
30  to  50  per  cent,  by  weight  of  moisture ;  assuming  it  to  be 
40  per  cent.,  we  get  60x8x42=20,160  lbs.  solid  matter  and 
8,064  lbs.  moisture.  Every  pound  of  this  moisture  has  to  be 
carried  by  the  ascending  current  of  heated  air.  During  the 
winter  there  are  many  days  when  the  saturation-limit  of  the 
air  is  nearly  reached  at  the  natural  temperature  for  the  time 
being ;  such  air,  if  passed  through  malt  m  enormous  volumes, 
would  remove  the  moisture  but  very  slowly,  say  only  one 
grain  per  cubic  foot  of  air,  consequently  requiring  7,000  cubic 
feet  of  air  to  remove  one  pound  of  water  from  the  malt.  An 
addition  of  50^  of  heat  to  this  volume  of  air  adds  probably 
15  grains  per  foot  to  its  saturative  capacity ;  consequently, 
7,000  cubic  feet  of  air  at  100®  will  remove  15  lbs.  of  water 
from  the  malt.  As  we  have  8,064  lbs.  of  moisture  to  remove 
from  60  quarters  malt,  if  our  temperature  never  exceeded 
100®  and  the  normal  humidity  of  the  air  were  such  that 
at  this  heat  each  pound  of  water  required  466  feet  of  air  to 
effect  its  removal,  then  it  follows  that  we  must  pass  upwards 
of  three  and  three-quarter  millions  of  feet  of  air  over  our  malt 
(466-6x8,064=3,762,662  feet). 
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If  otur  kiln  has  an  outlet  of  20  feet  superficial  area,  and  the 
malt  is  dried  in  50  hours,  then  the  mean  average  velocity  of 

the  air  is  627  feet  per  minute :  20^50^^^    ^  ^^"^  ^^*' 

This  is  a  result  never  attained  in  practice,  and  we  know  that 
infinite  variations  from  it  constantly  occur. 

1.  The  heat  is  allowed  to  get  considerably  over  100^. 

2.  The  percentages  of  moisture  assumed  to  be  present  in  the 
green  malt  may  be  considerably  less. 

3.  The  total  volume  of  moisture  is  never  entirely  removed 
in  malts  made  for  sale. 

Careful  consideration  of  this  subject  at  once  points  to  the 
fiEK^t,  that  the  higher  the  temperature  of  the  air  passing  through 
moist  com,  the  greater  is  its  efficiency,  and  the  whole 
process  of  drjdng  or  sweating  is  absolutely  imder  control  by  a 
proper  adaptation  of  the  conditions  under  which  we  work  to 
the  natural  laws  governing  the  absorption  of  moisture  by 
heated  air.* 

The  following  tables  of  the  saturation-limit  of  air  at  varying 
temperatures,  and  of  the  expansion  of  dry  air,  will  be  of 
material  use  in  the  consideration  of  some  of  the  problems 
connected  with  drying.  (To  determine  saturation-hmit  of  air, 
see  Chap.  XVI.,  "  Hygrometers.") 

Table  0/  Weight,  in  Orains,  of  the  Vapour  Absorbable  by  a 
Cubic  Foot  of  Dry  Air  at  Varying  Temperatures. 


'csreei 
Falir. 

■        Gxaina. 

%r  ^'^' 

DegiMi 
Nhr. 

QrsiiiB. 

Degree 

Nhr. 

*       Onios. 

90 

. .     HS6 

135     ..     48-65 

175 

,.   128-17 

215 

..  270-42 

95 

..     17-18 

140     . .     55-89 

180 

..   13705 

220 

..  297-20 

100 

. .     19-84 

145     . .     62*49 

185 

..   149-90 

225 

..  320-39 

105 

. .     22-39 

150     . .     70-42 

190 

..   169*62 

230 

..  350-28 

110 

. .     25-70 

155     ..     78*79 

195 

..  186-05 

235 

..  876*24 

115 

. .     29-40 

160     ..     88*34 

200 

..  207-36 

240 

..  410*77 

120 

. .     88-24 

165     ..     99-16 

205 

..  225-39 

245 

..  438*23 

125 

. .     87-21 

170     ..  111*47 

210 

..  249*14 

250 

..  474-60 

130 

. .     42-59 

Table  of  Expan 

sum  of  Dry  Air. 

Nnee 

•     CnUoFeet 
wbfletdry. 

Degreee     Cnhio  Feet 
Euur.       whilst  dry. 
135  ..  1  1669485 

Degrees 
Fabr. 

Cubic  Feet 
whilst  d^. 

Degrees 
Fkhr. 

CaUoIM 
whilst  diT. 
1-3240765 

50 

..   1*0000000 

175  .. 

1-2455125 

215  .. 

100 

..   10982050 

140  ..  1-1767690 

180  .. 

1*2553330 

220  .. 

1-3338970 

105 

..   1*1080255 

145  ..  1-1865895 

185  .. 

1*2651535 

225  .. 

1*3437175 

110 

..  1-1178460 

150  ..  11964100 

190  .. 

1*2749740 

230  .. 

1*3535380 

115 

..  1-1276665 

155  ..   1*2062305 

195  .. 

1*2847945 

235  .. 

1*3633585 

120 

..  1-1374870 

160  ..  1-2160510 

200  .. 

1-2946150 

240  .. 

1*3731790 

125 

..  1-1473076 

165  ..  1-2268715 

205  .. 

1*3044355 

245  .. 

1*3829995 

180 

..  1-1571280 

170  ..  12356920 

210  .. 

1-3142560 

250  .. 

1*3928200 

The  preceding  tables  sufficiently  explain  the  action  of  heated 
air  in  maltings. 

FUBLS. 

The  nature  and  quality  of  fuel  used  in  the  malting  are  ruled 
by  the  character  of  the  malt  to  be  produced. 

*  It  is  of  glare  importanoe  to  remember  that  the  kUn-drying  of  malt  ia  essoitially 
a  cookiDg  prooeas  ;  eonaeqaently,  the  mere  drying  ia  not  the  only  end  to  be 
attained. 
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The  constmction  of  the  kUn,  and  the  method  of  working 
adopted,  regulate  the  quantity. 

As  factors  largely  influencing  both  quantity  and  quality  are 
the  greed  and  ignorance  of  maltsters. 

The  fuel  used  in  malthouses  during  the  present  century  has 
varied  in  character.    The  following  Est  shows  this. 
Coke : — 
Oven  coke. 

Gas  coke  from  common  bituminous  coal. 
Gas  coke  from  cannel  coaJ. 
Coal  :— 
Anthracite. 
Bituminous  coal. 
Lignite. 
Peat. 
Wood : — 
Oakwood  billets  and  faggots. 
Beech  wood. 
Brushwood. 
Furze. 
Straw : — 

Bean>  wheat,  oat,  barley,  dried  fern. 
Gas. 

The  best  fuel  for  drying  purposes  is  pure  anthracite  coal. 
Good  oven  coke  is  of  nearly  equal  value.  In  many  casea 
a  mixture  of  coke  and  coal  is  to  be  preferred. 

Common  gas  coke,  bituminous  cod,  lignite,  peat,  brushwood, 
and  straw,  should  never  be  used  in  kilns  of  common  construc- 
tion. 
Oakwood  is  onlv  used  by  makers  of  blown  or  brown  malt. 
Beechwood,  when  rightly  used,  is  of  value  for  flavouring 
pale  and  amber  malts. 

The  reasons  for  the  foregoing  rules  for  use  of  fuel  may  be 
found  by  comparing  the  analyses  on  following  pages. 

Bituminous  Coals.* 


Oubon  .  • 

Hjdrogen 

Oxygen 

Ifitxogm 

Sulphur 


Water 


Butlsf, 

Hotthoiii- 


84*824 
6-622 
6*223 ) 
2076  / 
1*181 
0*716 


BiodkvvU 


OoklBf. 


83*40 
4-40 

7-18 

1*00 
3*60 
0*99 


Sflbrtoiie, 
YoikihiTC. 


Qm. 


80*44 
6-08 
6-80 
1*67 
1*66 
8*30 
1-04 


BkflkVdn, 
CdyiiMr, 

MertibyrTs 

▼il,& 


'^m 


86-98 
4*70 

0*90 
0-69 
2-30 


64*1 
6*6 

40*1 


4-6 


*  Tht  Coal  ud  Inm  IndiieteiM  of  tU  United  Kingdom.    Bj  B. 
London,  1882. 
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Sir  B.  Kane,  in  '^  The  InduBtrial  Besoorces  of  Ireland," 
18459  ^ves  (p.  37)  an  analysis  of  very  dense,  compact  peat 
occumng  deep  in  the  Wood  of  Allen  bog.  Its  colour  was  very 
dark  brown,  nearly  black,  its  fracture  earthy,  almost  con- 
choidal,  and  it  had  a  resinous  lustre  when  rubbed.  No  trace 
of  vegetable  structure  was  observable.  The  specific  gravity 
varied  from  0'639  to  0*672,  and  the  composition  was  as 
follows : — 

Analysis  of  Peat  from  Wood  of  Allen  Bog,  Ireland. 
Carbon  61*02 


Hydrogen 
Oxygen 
Nitrogen 
Ash 


5*77 

32*40 

0*81 

7*90 

100*00 


F.  Yaux,  in  a  paper  on  "  The  Ultimate  Analysis  of  Some 
Varieties  of  Coal,"  *  gives  an  analysis  of  peat  from  the 
mihtary  prison,  Dartmoor,  Devonshire.  It  is  fibrous,  porous, 
and  brown  in  colour.  When  heated  it  gives  out  a  gas 
of  luminous  smoky  flame.  The  coke  is  in  the  form  of  the 
original  peat,  but  much  shrunk.  It  is  lustreless,  and  of 
loose  texture,  and  on  calcination  leaves  a  bulky,  pure  white 
ash,  quite  infusible  with  the  blowpipe.  The  specific  gravity  of 
the  peat  is  0*85,  and  its  composition  is  as  follows : — 

Analysis  of  Dartmoor  Peat  {excluding  water  25*56  per  cent.) 
Carbon 54*02 


Hydrogen 
Oxygen  ... 
Nitrogen 
Sulphur . . . 
Ash 


5-21 
28*17 
2*30 
0*56 
9*73 


The  coke  amounted  to  29*3  per  cent,  and  excluding  the  ash, 
water,  sulphur,  and  nitrogen,  there  remain  the  following  per- 
centages of  fuel-elements : — 

Carbon  ...         ...         ...         ...         ...        61*81 

Hydrogen         ...         ...         ...         ...  5*96 

Oxygen  ...         ...         ...         ...         ...        3*2*23 


Carbon 
Hydrogen 
Oxygen     . 
Nitrogen  . 
Ash 


Analyses  of  Wood  used  as  Fuel. 

Oak.  Beeoh. 

47-11  4812  50*10  ...  49*46 

6*31      6*06      6*07  ...  5*96 

45*31  44*43  43*68  ...  42*36 
...  1-22 

1.27      1*37      015      ...  10 

*  Quart.  Jomm.  Ch&m.  8oo.  toL  i.  p.  818  [1849]. 


Fine. 

60*62 

6*27 

42*58 

0*53 


HALT  AND  UALTIHa. 


^ 


no.  1.— Tomum'  Patkr  Knji. 


AIB,  FUELS,  ANTISSPTIGS,  WATER.  45 

In  some  cases  baorley  is  sweated  and  malt  dried  npon  kiln 
floors,  to  which  only  neated  air  has  access.  These  kilns  have 
closed  famaces  of  many  forms.  Very  good  kilns  of  this  class 
are  patented  in  this  coimtry  by  Messrs.  Tomkins,  Courage, 
and  Gracknell  (fig.  1),  and  Mr.  Seagrave,  and  one  is  patented 
in  America  by  Mr.  Bnckhardt,  Boston. 

Any  kiln  having  famaces  of  this  or  similar  construction  can 
bum  every  material  capable  of  giving  sufficient  heat  to  the 
ascending  current  of  air.  Users  of  such  kilns  are  guided  in  the 
choice  of  fuel  by  the  convenience  and  economy  of  the  material 
to  be  burned. 

Maltsters  using  kilns  of  any  description  in  which  it  is 
arranged  that  a  portion  or  all  of  the  air  used  by  the  fire  comes 
into  direct  contact  with  the  malt,  have  to  pay  attention  to  the 
influence  of  the  products  of  combustion  upon  the  malt.  One 
distinguishing  character  of  malt  is  attributed  to  this  influence. 
It  is  sufficient  here  to  class  it  under  the  feuniliar  head  of 
empyreumatic  flavours.  The  substances  of  varied  character 
ever  present  in  fuel  necessarily  influence  these  flavours  in  meJt 
by  the  various  conditions  indicated  by — 

1.  The  actual  and  relative  temperatures  of  the  malt  and  air. 

2.  The  composition  of  the  air  as  influenced  by  the  gases 

given  on  by  the  fuel,  or  the  other  solid  matters,  carried 
by  the  force  of  the  ascending  currents,  and  deposited 
upon  the  malt. 

3.  The  degree  of  humidity  of  the  malt. 

Bearing  these  three  conditions  in  mind,  it  is  easy  to  determine 
the  impropriety  of  using  in  any  open-fire  kiln  the  following 
fuels.  Straw  and  dried  fern  of  all  kinds,  peat,  li^te,  furze, 
brushwood,  and  green  wood  of  all  sorts,  bituminous  coal, 
gas-coke,  or  gas.  The  fuels  remaining  fit  for  use  are  oven-coke, 
anthracite  coal,  dry  oak,  and  beechwood. 

The  proper  use  of  these  fuels  is  ruled  by  their  ascertained 
composition,  and  the  condition  and  quality  desired  in  the 
finished  malt. 

In  the  use  of  wood  as  fuel,  much  depends  on  its  dryness,  on 
the  supply  of  air,  and  on  the  care  of  the  stoker.  If  the  wood 
be  damp,  the  air  limited,  or  the  fire  charged  at  too  rare 
intervals,  much  more  smoke  is  produced  than  is  yielded  by  dry 
wood,  furnished  in  small  quantities,  with  abundant  air,  by  which 
the  volatile  compounds  {i.e.,  unozidised  distillation-products, 
chiefly  resins  and  acids),  if  formed,  are  destroyed  at  the 
moment  of  their  evolution.  The  escape  of  unozidised  material 
means,  of  course,  the  loss  of  the  heat  that  its  combustion  would 
have  yielded,  apart  from  any  effect  which  the  condensation  of 
the  less  volatile  substances  at  the  lower  temperature  of  the 
drying  floor  may  have  upon  the  malt.  The  "smoke"  in 
Scotcn  whiskey,  for  instance,  is  resinous  matter  derived  from 
the  peat  used  as  malting  fuel,  more  or  less  modified  by  the 
processes  of  distillation,  but  characterising  the  resulting  spirit 
in  an  unmistakable  manner.    The  actual  quality  of  fud  used 
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is  ruled  by  the  construction  of  the  kiki,  the  mode  of  drying, 
the  relative  temperatures  during  drying,  the  quality  of  the 
fuel,  the  hygroscopic  condition  of  the  air,  and  the  care  of  the 
stoker. 

The  average  consumption  of  coal  in  common  English  single 
floor  malthouses  is  one  ton  of  coal  burned  for  forty-five 
quarters  of  malt.  A  well-constructed  double-floor  kiln  can  dry 
eighty  quarters  per  ton. 

The  whole  8eason*s  average  cost  for  fuel  ought  never  to 
exceed  4d.  per  quarter,  in  afi  places  where  coal  or  coke  is  to 
be  bought  for  25s.  per  ton. 

The  fuel  used  in  steam  boilers  in  all  maltings  emplojdng 
power  is  ruled  almost  exclusively  by  economic  considerations. 

Antisbptics. 

The  antiseptics  used  by  maltsters  are  few  and  simple. 

Common  lime,  bisulphite  of  hme,  and  salicylic  acid  are 
chiefly  employed,  while  hydrochloric  acid,  chloride  of  lime, 
and  permanganate  of  potash  are  used  only  very  rarely. 

Sulphur  is  sometimes  used  for  bleaching  purposes,  and 
necessarily  exerts  such  antiseptic  influence  as  tne  manner  of 
its  use  compels.  Very  few  fuels  are  free  from  sulphur,  so  that 
almost  invariably  it  comes  into  direct  contact  with  drying  malt 
in  some  form. 

The  sulphur  found  in  coal  or  coke  often  exists  in  two  states, 
partly  as  sulphuric  acid  combined  with  lime,  which  remains 
unaltered  in  the  furnace,  and  partly  as  sulphur  combined  veith 
iron,  which  is  decomposed  by  heat,  yielding  the  sulphurous 
acid  gas,  which  exerts  considerable  antiseptic  and  bleaching 
influences  upon  the  barley  or  malt  with  which  it  comes  into 
contact. 

Under  ordinary  circumstances  mould  in  malt  is  readily  and 
rapidly  propagated.  It  is  always  desirable,  for  every 
reason,  to  prevent  such  propagation  as  far  as  possible. 
Proper  selection  of  materials,  combined  with  careful  use, 
and  the  strictest  cleanliness,  are  unavaihng  to  eradicate 
mould.  Powerful  antiseptics,  if  used  in  moderation,  exert  but 
little  appreciable  deleterious  influence  upon  either  the  growing 
com  or  finished  malt.  Their  influence  upon  low  fungoid 
organisms  is  very  great,  and  consequently  it  is  desirable  to  use 
bisulphite  of  lime,  or  some  similar  compound,  upon  the  growing 
floors,  and  in  cisterns,  prior  to  the  commencement  of  the 
season,  occasionally  during  the  winter,  but  more  frequently  in 
the  spring  and  early  summer. 

The  recently  accepted  interpretation  of  the  significance  and 
effects  of  the  practical  development  of  the  Oerm  Theory 
exercises  great  influence  upon  a  maltster's  use  or  disuse  of  any 
antiseptic.  Many  writers,  notably  Tyndall  in  this  country,  and 
Pasteur  and  others  abroad,  have  investigated,  with  immense 
labour  and  patience,  the  phases  of  existence  and  influences  of 
many  of  the  minute  lower  organisms.    The  result  of  their  work 
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has  been  to  throw  much  light  upon  several  difficulties  which 
had  been  mysterious  and  incomprehensible  to  practical  maltsters. 
Far  from  the  truth  as  we  may  jet  be,  this  flieory  has,  never- 
theless, already  seeminglv  elucidated  many  abstruse  problems, 
and  has,  amongst  other  benefits,  furnished  us  with  practical 
and  sound  reasons  for  the  adoption  of  such  chemicals  as  enable 
us  to  destroy  or  vitiate  the  mmute  orgam'sms  or  their  germs, 
which  exert  influences  of  a  damaging  or  dangerous  character  if 
permitted  to  develop. 
Everyone     now     believes,      and     probably    rightly,    that 

EutrefjEUstion  is  accompanied  with,  and  usually  accomplished 
y,  numerous  organisms  rarely  acting  entirely  alone,  but  most 
usually  accomplishing  some  distinct  purpose  in  concert  with 
each  other.  This  is  supposed  to  be  proved  by  the  fact  so 
conmionly  observed  that  any  substance  which  under  ordinary 
conditions  easily  putrefies,  may  be  preserved  for  long  periods 
free  from  decomposition  by  placing  it  in  any  position  cubsolutely 
inimical  to  vegetable  or  animal  life,  or,  on  the  other  hand,  it 
may  be  placed  in  every  condition  favourable  to  the  develop- 
ment of  life,  and  yet  be  kept  intact  if  care  be  taJ^en  to  prevent 
the  access  of  any  individual  or  germ.  For  instance,  meat 
travels  through  the  tropics  from  Australia  to  England,  if  simply 
kept  constantly  at  a  temperature  lower  than  32^,  or  the 
same  meat  may  be  kept  at  anv  common  atmospheric  temper- 
ature, if  the  simple  precaution  be  taken  of  sterihsing  the  air  in 
which  it  is  immersed.  Free  access  of  air  properly  deprived  of 
every  spore  and  germ  may,  however,  exert  influences  of  an 
undesirable  character  other  than  ordinary  putrefaction. 

The  maltster  must  necessarily  give  germinating  com  free 
and  ample  supplies  of  air,  in  such  a  form  that  its  total  sterilisa- 
tion is  ver^  difficult.  Were  it  otherwise,  the  com  has  invari- 
ably adhering  to  it  many  germs  of  an  undesirable  character,  and 
the  conditions  of  germination  necessarily  favour  their  rapid 
development  and  reproduction.  To  destroy  these,  compara- 
tively few  things  are  available,  for  chloride  of  lime,  permanga- 
nate of  potash,  and  other  powerful  antiseptics  of  that  class 
have  obvious  disadvantages  fatal  to  their  use.  Little  real 
objection  can  be  urged  against  bisulphite  of  lime,  and  its 
common  uses  are  as  follows. 

With  sound,  sweet  com  it  is  in  most  cases  unnecessary  to 
add  bisulphite  of  lime  to  the  steep-liquor.  Should  any 
tendency  to  mould  manifest  itself,  it  can  easily  be  added  when 
sprinkling  is  performed. 

Jericka  strongly  recommends  sprinkling  of  all  barley-  and 
malt-  storage  bins  with  bisulphite  of  lime  immediately  they  are 
emptied,  and  again  prior  to  use.  The  plan  is  a  very  good  one. 
Scrub  the  floors  well  with  water  to  which  ten  per  cent,  of 
strong  good  bisulphite  has  been  added.  Only  in  rare  cases,  and 
upon  very  bad  floors,  is  a  stronger  solution  necessary. 

With  weak,  defective,  inferior,  or  badly-conditioned  com,  a 
suitable  and  proportionate  quantity  of  bisulphite  is  beneficial, 
both  in  cistern  and  upon  floors. 
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The  qnantities  of  bisulphite  of  lime  employed  to  advantage 
are  as  follows  : — 

In  steeping  cistern,  from  a  quarter  to  half-a-pint  per  quarter 
steeped ;  sometimes  less. 

In  sprinkling  liquor,  half-a-pint  per  can  of  four  gallons. 

Prior  to  use,  floors  may  be  sprinkled  with  bisulphite  of  lime 
and  water,  mixed  in  equal  proportions. 

Every  time  the  cistern  is  emptied  it  should  be  carefally 
washed  with  water  which  has  an  addition  of  ten  per  cent,  of 
bisulphite  of  lime. 

Quicklime  is  used  upon  floors  and  walls  in  several  ways. 

Walls  and  ceilings  are  whitewashed  or  limewhited  by  placing 
several  clear  free  lumps  of  fre8hl]r-bumed  lime  in  a  pail  of 
water  and  appljring  it  with  an  ordinary  whitewasher's  brush 
when  still  hot  from  the  heat  natui^y  produced  by  the 
hydration  of  the  caustic  lime. 

Limewhite  applied  to  iron  cisterns  or  tanks  is  a  very  excellent 
thing  to  preserve  the  water  from  putrefaction. 

Finely-powdered  chalk  is  sometimes  sprinkled  upon  the 
sur&ce  or  barley  in  the  cistern  in  places  where  the  steep-liquor 
is  soft  or  full  of  organic  matter,  with  the  object  of  lessening  its 
extractiveness  and  reducing  acidity. 

Watbb. 

Maltsters  ordinarily  pay  little  attention  to  the  water  used 
in  the  cistern  either  as  to  its  temperature  or  quality.  That 
which  is  obtained  at  the  least  expenditure  of  capital  and  energy 
is  that  which  is  conmionly  used.  Hence  we  nnd  water  from 
all  usual  sources  employed,  with  the  exception,  of  course,  of 
decidedly  brackish  and  »Bdt-water. 

As  water  exerts  a  very  distinct  influence  upon  the  character^ 
istics  of  beer  and  the  colour  of  bread,  so  also  has  it  considerable 
power  to  modify  the  colour  and  quality  of  malt.  A  place  which 
has  a  high  character  for  the  malt  made  in  it  has  generally,  one 
would  suppose,  water  which  is  suitable  for  malting.  That  this 
is  not  the  case  is  easily  accounted  for  by  the  fact  that  malt, 
as  made  hitherto,  varies  so  greatly  from  what  it  should  be,  that 
the  comparatively  minor  influence  of  the  water  used  has  almost 
escaped  notice. 

The  majority  of  the  writers  upon  malting  agree  in  preferring 
a  hard  salme  water  for  steeping,  and  on  the  whole  such  a  con- 
clusion is  best  for  several  reasons,  the  chief  of  which  is  that 
hard  water  dissolves  and  consequently  removes  less  of  the 
soluble  nitrogenous  substances  of  barley  than  soft  water. 
This  same  reason  accounts  to  a  considerable  extent  for  the  fact, 
that  soft  steeping  liquor,  if  seldom  changed,  becomes  much  more 
putrescent  than  hard  water  retained  with  the  same  barleys  for 
a  similar  period  in  cistern.  Analyses  of  the  steep-liquors  show 
that  a  solt  water  dissolves  a  larger  percentage  of  the  more 
soluble  nitrogenous  matters  than  bard,  and  also  washes  out 
more  phosphoric  acid,  and  the  resulting  phosphate  of  potassium 
is  favourable  to  the  development  of  mould.  (See  also  Chap.  XIX.) 
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Water  containing  organic  matter  is  decidedly  objectionable 
for  steeping  purposes.  This  is  evidenced  by  the  greater 
readiness  it  possesses  to  decompose  and  become  unpleasant. 
Such  contaminated  water  is  very  generally  soft,  being  obtained 
from  rivers,  &c.,  and  develops  the  evil  just  spoken  of  as  the 
usual  outcome  of  soft  water.  Soluble  phosphates  are  washed 
from  the  barley,  and  favour  the  development  of  low  fungoid 
growths  to  such  an  extent  that  very  frequently  the  flavour  of 
the  malt  is  much  affected  and  spoiled. 

Soft  water  will  remove  as  much  soluble  matter  from  barley 
as  two  per  cent,  of  its  weight ;  hard  water  0*4  to  one  per 
cent.  As  such  percentage  of  weight  signifies  a  larger  reduction 
in  the  total  extractive  matter  obtained  by  brewers  from  malt, 
it  is  manifest  that,  apart  from  the  evils  already  spoken  of,  the 
value  of  malt  is  diminished  to  an  appreciable  extent  by  soft 
extractive  waters,  even  if  uncontaminated.  Some  continental 
chemists  have  detected  in  steep-water  not  only  the  substances 
already  named,  but  sugar,  dextrine,  and  alcohol,  succinic  and 
other  acids,  &c. ;  thus  loss  necessarily  occurs  from  steeping 
in  any  water,  but  the  harder  the  water  the  less  deletenous 
is  its  influence. 

By  steeping  in  soft-water  barley  containing  comparatively 
little  nitrogen,  we  get  inferior  malt  to  that  from  the  same 
barley  if  steeped  in  hard  or  saline  water.  It  is  therefore 
advisable  to  add  a  (quantity  of  salt  to  the  steep-liquor  tvhen 
barleys  low  in  albuminoids  are  steeped. 

The  following  analyses  of  steep-water  possess  considerable 
interest. 

I.  • 

Before  ateepiiig.  After  ateepiiig. 

Orgauio  matter. .         . .       2*79  gra.  per  gallon         . .      266'06  gn,  per  gallon. 
Mmeral  matter . .  26*30  grs.  per  gallon        . .      166*70  grs.  per  gallon. 

29*09  gxB.  per  gallon        . .      420*75  gxa.  per  gallon. 


Bohemian.  Hvoguiaa. 

Organic  matter 70*295,       ..        79*185  106*482 

InOTganic  matter  ..         ..         70*417        ..        82*254  ..        102*736 

Total  graina  per  gallon..         ..       140*712  161*449  ..        209*218 


This  important  matter  is  more  fully  dealt  with  in  Chap.  X., 
under  the  head  of  "  Bye-products." 

Free  use  of  water  in  the  malthouse  is  absolutely  essential, 
not  only  in  cistern,  but  for  the  purpose  of  cleanhness  upon 
floors.  A  growing  floor  of  any  material,  even  metal,  benefits 
by  free  and  frequent  flooding  and  scrubbing.  All  barley  is 
improved  by  washing,  for  even  the  brightest  and  best  has 
invariably  clinging  to  it  dust,  dirt,  and  organic  matters,  which 
are  baneful  in  action  unless  removed. 

*  Sir  J.  B.  Lawbb.    Beport  on  Malt  as  Food  for  Stock.     [1866]. 

t  Bbhbbwd  and  Stuxboex.  Woehenaehrift  fiir  Bierbrauerei^  1884.  [See  also  p.  182.] 
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Light  {see  also  Chap.  XIX.,  Gertmnation) . 

Although  light  cannot  be  called  a  material  in  maltmaking,  it 
is  convenient  to  class  it  with  the  materials  and  consider  its 
influences  upon  germination,  which  is  the  process  of  most 
importance  in  maJtmaking. 

Light  has  long  been  supposed  capable  of  exerting  a 
deleterious  influence  upon  seeds  in  the  earlier  stages  of  growth. 
The  fact  that  nearly  aJl  seeds  grow  better  if  covered  veith 
earth  sufficiently  deep  to  exclude  light  is  quite  sufficient  to 
favour  such  a  theory. 

At  various  times  many  experiments  have  been  made  to 
determine  the  differences  of  development  of  the  same  seeds 
with  all  other  conditions  remaining  the  same,  but  with 
variations  of  light.  These  have  been  undertaken  by  several 
observers,  notably  Professor  B.  Hunt,  Dr.  Gladstone,  Professor 
Daubenv,  M.  Planchon,  and  others.  Many  malthouses  are 
to  be  mund  having  the  air  passages  open  and  no  windows 
glazed.  Others  have  all  windows  glazed  with  blue  glass.  Very 
few  have  yellow  glass*  or  canvas. 

Professor  Daubenyf  shows  that  seeds  (including  Hordeum 
sativum)  produce  rootlets  and  plumules  in  the  following  manner. 

South  Amor. 


BRMntueof 

PBrcontaaB  of 
FlnmuiM. 

Coloared  Ught 

Badidfit. 

Admitted. 

66*6 

88-3 

. .      Violet 

63-9 

38-3 

Gieen 

600 

17-4 

Kept  dark 
Gotelt  Blue 

521 

87-6 

46-6 

24-6 

Amber 

420 

101 

..      Ruhy 

33*8 

7-2 

Orange 

Noam  AiPBOT. 

iHMntage  of 

Psro8ktM6of 
PhmniM. 

BadidM. 

56-5 

466 

76-4 

81-8 

681 

320 

70-1 

24-6 

630 

24*6 

Many  tables  of  experiments  are  given,  and  Professor 
Daubeny  concludes  that : — 

"  Upon  the  whole  .  .  .  light  has  very  little  to  do  with 
germination,  and  although  the  popular  opinion  may  be  well 
founded,  viz.,  that  the  process  goes  on  oest  in  the  dark,  as 
maltsters  generally  believe,  still,  the  light  which  interferes 
with  the  success  of  the  operation,  acts  chiefly  by  producing 
such  a  degree  of  dryness  as  is  unfavourable  to  the  sprouting 
of  the  seed,  and  not  by  itself  interfering  directly  with  the 
result." 

A  series  of  very  carefully-conducted  experiments  made  by  me 
during  the  spring  of  1884  do  not  quite  confirm  this,  nor  do 
they  support  Tbausing'st  assertion  that  *'the  radicles  are 
developed  more  strongly  when  light  is  admitted."  The  chief  cause 
of  this  difference  of  opinion  rests  probably  in  the  undiscovered 

*  Thia  probabbr  BorriTea  the  applioation  of  W.  R.  Tavlor'a  patent,  No.  3,087, 
Beoember  1,  1806,  in  which  the  uae  of  yeUow  media  ia  protected. 

t  JUp,  Brit,  Aitoe.  1856,  pp.  66-60. 

i  Preparation  of  Malt  ana  Ftibrication  of  Beer,  American  edition,  p.  286.  TUa 
opinion  doea  not  appear  in  the  2nd  Qerman  edition  [1 882JL  where  it  ia  atated  fp.  280), 
that  the  rootleta  are  atronger  in  the  dark.  See  alao  fUoBm,  SiU,  K.  AM,  WUt. 
Wim,  bd.  Izzx.  p.  16  [1880]. 
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influences  of  light  upon  mould,  bacteria,  and  other  low 
organisms,  a  field  of  investigation  deserving  much  careful  study 
and  experiment,  but  of  which  our  knowledge  is  too  limited  at 
present  to  warrant  the  expression  of  very  definite  conclusions. 

The  following  schedule  of  one  experiment  will  suffice  to 
indicate  the  manner  in  which  the  tests  were  conducted  by  Mr. 
Vincent  and  myself. 

The  apparatus  used  were  the  Coldewe  germinating  trays  and 
a  number  of  boxes  fitted  with  blue  glass,  or  with  louvred  sides, 
enabling  entire  control  of  the  light  to  be  accomplished,  with  no 
interference  with  air,  heat,  &c. 

In  this  experiment  one  sample  of  barley  was  used — a  sound 
dry  Norfolk  parley  of  fair  quality. 

Each  tray  received  eight  ounces  of  clean  dry  sand,  and  they 
were  all  wetted  simultaneously. 


Result  of  placing  600  grains  of  barley  in  wet  sand  in  six  varied 
lights,  and  100  grains  in  water,  in  the  Brewing-room,  Park 
Street,  London,  S.E. 

I. — Dasx.  Box  nr  Sottth  Wnroow. 


Date  and  Ttmn 

Temper^ 
atax«. 

Vo. 

No.  of 
Aoro- 
Mtm. 

Longwt 
Roolin 
Inohaa. 

LODIWt 

Aoro* 
nin  in 
Ineh«a. 

April,  1884. 

Deg8. 

• 

13th,  soon  .... 

68 

46 

— 

. 

14th,  noon  .... 

68 

83 

0-6 

15th,  11  a.m... 

72 

93 

0-76 

— 

Roots  TOiy  izregolar,  boshy 
and  monldy :  one  com  witn 

six  radioles. 

16UU    

— 

— 

— 

— 

— 

Sunday. 

17th,  11  ajn. .. 

70 

96 

8 

1-76 

0-375 

Roots  iiregxdar,  not  very 
monldy ;  average,  1  inoh. 

18th,  noon    ■  • . 

73 

97 

36 

2-26 

0-75 

Roots  irregular,  monldy;  sand 
wetted. 

19th,  noon  .... 

68 

97 

65 

2-5 

M26 

Roots  mor^  regolar. 

2ath,  11  a.m... 

66 

97 

88 

2-6 

2-25 

2l8t,  11  a.m.  .. 

61 

98 

96 

30 

3-25 

Roots  yery  weak  and  irregular ; 
many  drops  of  yellowish 
matter  descending  roots. 

26th,  11  a.ni... 

62 

100 

100 

80 

7-25 

Roots  weak;  average,  2  inches 
or  less ;  only  six  over  3 
inches.  Aorospires  weak; 
average,  2  to  3  inches ;  hit 
only  over  4  inches. 

Has  grown,  all  through,  muoh  better  than  Nos.  II.,  ly.,  or  V. 
n. — Open,  ok  Ck)T7ifTKB  below  Sotteb  WnrDOW. 


13th,  noon  .... 

68 

37 

_ 

14th,  noon  .... 

68 

84 

— 

0-375 

— 

15th,  11  ajn. .. 

72 

91 

— 

0-875 

— 

Roots  irregular  and  mouldy. 

16th     

— 

— 

— 

— 

— 

Sunday. 

17th,  11  a.m... 

70 

94 

— 

1-76 

— 

Roots  very  irregular,  mouldy. 

18th,  11  a.m... 

73 

95 

4 

1-75 

■ 

Roots  very  weak  and  iiregidar ; 
sand  wetted. 

19th,  noon  .... 

68 

95 

10 

1-75 

0-75 

Roots  weak. 

£ 
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MALT  Am)  MALTINO. 


n.— 

Ofbv,  4 

ON  COUHTBB  BBLOW  BOUTK  WlHSOW— (Mfl^tllfMl). 

Ssto  and  TtaBCk 

T«mpcr> 
atorvi 

No. 
Grown. 

No.  of 
Aoro* 
ffdra. 

Lontait 
Bool  In 
InohM. 

LoncMt 

Acio- 
nlnln 

lD0hfl& 

.-. 

April,  1884. 
20th,  11  a.in. . 
2lBt,  11  a.m.  . . 

26th,  11  ajn. .. 

Degs. 
66 
61 

62 

96 
96 

100 

21 
24 

67 

1-76 
1-76 

1-76 

0-876 
1-126 

2-26 

Boots  weak ;  sand  wetted. 
Boots  very  weak;  aorospixes 

yery  ixregplar. 
Boots  yery  weak  and    bad; 

aoiospires  mostly  jnst  oat ; 

only  four  oyer  1  inoh. 

Ftoyes  the  evil  of  direct  son  rays. 


III. — In  Blxtb  Box  on  Sottth  Window. 


13th,  noon  ». .. 
14th,  noon  •  •  • . 
16th,  11  a.m. .. 


•  •  •  •  • 


16th 

17th,  11  a.m. .. 

18th,  noon  .  t . . 

19th,  noon  . . . . 
20th,  11  a.m... 
2l8t,  11  a.m.  .. 


26th,  11  a.m... 


68 

88 

_ 

_ 

_ 

68 

74 

— 

— 

— 

74  (in 

86 

— 

0-76 

— 

sun.) 

70 

88 

1 

1-626 

— 

76 

90 

24 

2-0 

0-76 

68 

90 

40 

2-26 

10 

66 

90 

71 

2-376 

1-626 

62 

90 

77 

2-376 

2-376 

62 

90 

90 

4-6 

60 

Behind  Nos.  I  and  II. 
Boots  iireg^nlar. 

Sunday. 

Boots  irregular ;    free    from 

mould. 
Boots  irregular,  yery  weak; 

heat  too  great ;  sand  wetted. 
Boots  more  regular. 
Boots  reg^ular. 
Few  drops  on  roots  as  No.  I. ; 

acrospires  healthy  and  re* 

gular. 
Much  matter  and  mould  on 

roots ;   ayerage,  2*6  inohea ; 

acrospires  yery  healthy  and 

g^ood ;  ayerage,  3-4  inches. 


Singular  number  of  dead  corns. 


rV. — Open,  on  Sill  or  East  Window. 


13th,  noon  .... 
14th,  noon  ..  • . 
16th,  11  a.m.,. 

16th     

17th,  11  a.m. . 
18th,  noon  . .  • . 

19th,  noon  .... 
20th,  11  a.m. 

21st,  11  a.m.  . . 


26th,  11  am... 


68 

43 

63 

83 

66 

90 

66 

90 

68 

94 

66 

96 

63 

96 

60 

96 

60 

97 

6 

28 
67 

72 


91 


M^ 

___ 

06 

1 

1-376 
20 

— 

2126 
2-126 

0-626 
1-0 

2126 

1-26 

2-6 

3-76 

Backward. 

Boots  fairly  regular. 

Sunday. 

Boots  regular;  rather  mouldy. 

Boots    regular,    but     weak ; 

8and  wetted. 
Boots  very  weak. 
Boots     yery     weak ;       sand 

wetted. 
Boots  very  weak  and  queer; 

acrosnires  weak,  but  oetter 

than  No.  11. 
Boots    very  weak ;    ayerage, 

1*75:  acrospires  very  w^^ 

and  bad. 


Confirms  No.  11.  as  to  eyil  of  much  light. 


AIB,  FTTBIiS,  ANTISBPTICS,  WATBB. 
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V. — Iw  Dabx  Box  ih  East  Whtdow. 


SstoaadTlsM. 


April,  1884. 
13th,  noon  . . 
14ih,nooii  .. 
15th,  11  a.m. 

16th     

17tfa,  11  a.m. 
18th,  noon  .. 

19th,  noon  . . 
20th,  11  a.m. 
21st,  11  a.m. 
26th,  11  a.m. 


•  • 


•  • 


Ttmper^ 
ataitt. 

Na 

Naof 
Aoro- 

Soot  In 
lacliM. 

LmgMt 

Acio- 

•pinln 

Degs. 

68 

42 

— 

— 

— 

63 

84 

— 

^— 

— 

66 

94 

— 

0*5 

— 

66 

96 

_^ 

1-125 

^^ 

68 

96 

7 

1*376 

— 

66 

96 

26 

1-375 

1-0 

63 

96 

71 

2-0 

1-6 

60 

96 

72 

2*0 

2-0 

60 

100 

94 

2*125 

4-5 

Very  backward. 

Boots  regular. 

Sunday. 

Boots  Tory  mouldy  and  bad. 

Boots  very  mouldy  and  weak ; 

sand  wetted. 
Boots  bad. 
Boots  bad. 
Boots  very  weak. 
Two  only  just  chitted;  roots 

very  weak  and  mouldy. 


Similar  generally  to  No.  I.,  but  more  regular. 


VI. — Ofkv,  in  Bagk  OmcB,  Diffused  Lxobt  Ohlt. 


13th,  noon  . . 
14th,  noon  . . 
15th,  11  a.m. 

16th     

17th,  11  a.m. 


18th,  noon  . . . . 

19th,  noon  . . . 
20th,  11  a.m.  . 

2l8t,  11  a.m.  .. 

26th,  11  a.m. . . 


56 
62 
61 

91 
98 

— 

0*25 

— 

60 

99 

— 

0*75 

60 

99 

54 

— ^ 

— 

61 
58 

99 
99 

76 
99 

0-75 
0*875 

0-875 

54 

99 

99 

1*26 

1-26 

52 

100 

99 

2*5 

2-125 

Three  mouldy. 

Boots  very  regular. 

Sunday. 

Boots  regular,  but  very 
mouldy ;  watered  with  3 
per  cent,  solution  of  bi- 
sulphite. 

Moula  gone,  but  roots  very 
weak  and  disooloared;  sand 
wetted. 

Mould  gone,  roots  more  bushy. 

Mould  veappeacB ;  shortest 
acrospire,  *125  inch. 

Boots  fair;  aorospires  aU  very 
regroiar  and  gvod. 

Booto  very  go(xL. 


All  extremely  regular,  the  best  being  from  twelve  very  much  stained  and  blackened 

kernels,  the  only  bad-looking  grains  in  the  700. 


VII.— Iv  Watxb  in  a  Dabx  Cufboasd. 


13ih,  noon 

.      69 

14th,  noon 

69 

15th,  11  a.m. .. 

71 

16th 

,      — 

17th,  11  a.m... 

.      72 

18th,  noon      . . 

*        A    a 

75 

19th,  noon 

70 

20th,  11  a.m. 

— 

2l8t,  11  a.m.  .. 

60 

26th,  11  a.m. .. 

• 

Water  very  milky. 

Very  milky  and  putrid. 

Sunday. 

Very  milky  and  putrid ;  no  Biga  of  chitting. 

Water  very  putnd  and  floooulent. 

Very  putnd. 

Horribly  putrid. 

Taken  out  after  210  hours  and  put  in  flannel. 

No  sign  of  life. 


The  weather  of  the  above  days— March  13  to  26,  1884 — ^was  as  follows :  13th,  fine, 
sunny ;  15th  to  18th,  like  June  ;  19th  and  20th,  very  fine,  but  cooler ;  2l8t,  fine, 
with  cold  wind ;  26th,  very  cold. 

E   2 


54  MALT  AND  MALTING. 

The  best  (excepting  in  number  grown)  baa  been  m.    The  most  regular  has 
been  VI.    The  order  of  goodness  is : — 


Ist,    VI. — Number  grown,  100 

2nd,  ni.—               „  90 

3rd,       I.—            •  „  100 

4tb,      v.—                „  100 


6th,    rV. — Number  grown,     97 
6th,      II.—  „  100 

7th,  vn,— 


99 


Average  growth  of  whole  sample  of  600  ooms,  97*83  per  cent 

Some  of  the  conclusions  of  a  purely  practical  character  to  be 
drawn  from  the  results  of  these  experiments  are  as  follows : — 

Heat  is  beneficial  if  regular  and  moderate.  In  every  case 
those  trays  that  were  kept  cool  grew  better  than  the  same  com 
maintained  at  a  higher  temperature  ;  the  number  of  corns  that 
properly  started  growth  in  nfty  hours  was  considerably  ^eater, 
and  all  aiter-development  was  more  favourable,  exceptmg  the 
greater  abundance  of  mould.  Bisulphite  of  lime  effectually 
met  this  difficulty  when  properly  used.  Attention  should  be 
given  to  the  fact  that  in  every  experiment  some  corns  grew 
after  a  lapse  of  several  days.  In  tne  majority  of  cases,  corns 
commenced  to  grow  after  twelve  days. 

Air  is  apparently  more  important  than  heat,  and  exerts  more 
influence  than  light,  or  the  nature  of  light.  Drowned  corns — 
i.e.,  those  corns  excluded  from  air — ^would  not  grow  at  all. 
Those  kept  in  the  dark  did  better  in  every  case  than  those  in 
the  light.  Those  in  the  blue  box  succeeded  best  of  all  in  every 
respect  excepting  that  of  number  grown. 

The  broad  general  statement  may  be  deduced  from  these 
experiments  that  the  conditions  surrounding  com  in  the 
malting  have  more  to  do  with  the  character  of  the  malt  made 
than  most  maltsters  admit.  They  show  (what  careful  workers 
notice  in  practice)  that  abundance  of  air,  coolness,  and  dark- 
ness are  better  for  the  right  germination  of  com  than  heat, 
light,  and  confinement,  provided  the  undue  development  of 
mould  be  not  occasioned  by  exclusion  of  light. 

The  amount  of  hght  and  degree  of  heat  best  adapted  to  a 
maltster's  needs  have  to  be  ruled  by  the  nature  of  the  com 
worked.  M.  Planchon  states  that ''  Light  and  heat  act  in  an 
identical  manner  on  the  absorbing  power  of  seeds,  at  least  on 
that  which  concerns  the  absorption  of  oxygen;  they  renew 
its  activity,  and  this  acceleratory  influence  augments  as  its 

Eower  becomes  intensified.  Thus  it  cannot  be  doubted  that 
ght  is  favourable  to  germination,  because  it  augments  the 
absorption  of  oxygen. 

**  When  the  absorbing  power  of  seed  becomes  weak,  that  is 
to  say,  at  a  low  temperature,  light  ought  to  replace  heat  in  a 
most  useful  manner.  It  can  easily  be  understood  that  a  very 
intense  light  acting  with  an  elevated  temperature  renders  the 
oxidation  very  active,  and  thus  exercises  an  injurious  influence 
on  the  life  of  the  vegetable  embryo.  The  acceleratory  and 
favourable  action  of  light  on  seeds  seems  to  become  stronger  as 
the  temperature  becomes  more  elevated,  and  becomes  injurious 
when  it  has  attained  a  certain  degree." 

Practice  and  experiments  do  not  confirm  these  conclusions.. 


S5 


CHAPTEB  VI. 

MINOR  MALT-PBODUCINQ  GRAINS — MAIZE,   OATS,  RICE,   RTB, 

WHEAT. 

Maize  : — 
Botanical  deflnitiQii.    Gharaoter.     History.     Analyses  of  dhoara.    Values. 
Analyses  of  maize.    Starch  of  maize. 

Oats: — 

Botanical  definition.    Character.    Analyses.    Starch  of  oats. 

Rice : — 
Botanical  definition.    Oharacter.    Starch.    Analyses  of  rice  and  of  its  ash. 

Eye:— 

Botanical  definition.    Habitat.    Ergot.    Analyses  of  rye. 

Wheat  :— 
Botanical  definition.     Species.     Values.     Starch  of  wheat.     Wheat-malt. 
Analyses  of  wheat.    Table  of  analyses  of  all  minor  malting  grains. 

This  chapter  treats  of  those  materials  constituting  malt  when 
manufactured,  which  are  more  rarely  or  sparingly  used  than 
barley.  Every  description  of  seed  can  be  malted,  should  a  very 
great  latitude  be  permitted  in  the  meaning  of  the  verb  to  malt. 
Those  seeds  spoken  of  now,  however,  will  be  such  as  are 
recognised  commercially,  and  used  chiefly  in  the  manufacture 
of  beer. 

Arranged  alphabetically,  the  minor  malt-producing  corns  are 
— ^maize,  oats,  rice,  rye,  and  wheat. 


Maize. 

Maize,  Indian  com,*  Turkish  wheat  or  kukurutz,  is  known  to 
botanists  as  Zea  mais.  Zea  is  a  genus  of  grasses  belonging  to 
the  tribe  PJialaridea,  The  male  flowers  are  in  terminal 
racemes ;  spikelets,  two-flowered ;  glumes,  nearly  equal,  termin- 
ating in  sharp  points;  pales,  two,  wedge-shaped,  fleshy, 
oblique  and  truncated ;  stamens,  three.  The  female  flowers 
are  axillary  in  the  sheaths  of  the  leaves.  Several  female 
flowers  are  grouped  together ;  one  only  of  each  group  usually 
perfects  its  seed,  but  the  abortive  ones  can  be  detected,  and 
help  to  account  for  the  number  of  valves  which  are  to  be  found 
in  conjunction  with  each  seed. 

•  The  "  Tnimdamin  "  of  the  North  American  Indians,  mentioned  in  Longfellow's 
Hiawatha. 
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"The  external  bracts  serve  to  protect  the  whole  cone  of 
associated  female  flowers  of  the  maize,  which  are  therefore  not 
provided  for  by  the  hardening  of  the  valves  of  the  corolla,  as  in 
Fhalaris,  &c. ;  these  envelopes  are  therefore  but  imperfectly 
represented  in  the  ears  of  maize ;  and  it  will  be  observed  that 
wnere  the  seed  is  abortive  they  are  developed  more  folly."* 

Maize  is  largely  cultivated  throughout  most  of  the  warmer 
temperate  regions  of  the  globe,  and  probably  ranks  next  to  rice 
as  the  grain  which  affords  nutriment  to  the  largest  number  of 
human  beings.  It  has  many  qualities  to  recommend  it  for 
culture  where  the  climate  is  sufficiently  warm  to  ripen  the 
grain  properly,  growing  as  it  does  freely  in  very  different  kinds 
of  soil,  as  well  as  under  dissimilar  states  of  moisture  and 
dryness.  The  cinquantine  variety  takes  but  three  months  to 
ripen,  and  the  six-weeks,  as  its  name  implies,  but  half  of  even 
that  short  time. 

By  reason  of  its  pleasant-tasting  oil  and  easy  digestibility, 
maize  forms  a  valuable  food  for  man  and  beast,  and  where  it  is 
much  eaten  by  men,  diseases  of  the  bladder,  epilepsy,  and 
phthisis  are  unknown.  But  where  cheap,  and,  therefore, 
probably  diseased,  maize  is  used,  pellagra  is  prevalent,  unless 
the  grain  be  dried  in  ovens  previous  to  use.  Diseased  grains 
contain  a  reddish  oil  and  a  neutral  alkaloid,  and  their  exterior 
bears  spores  of  Penicilliumy  Aspergillus,  and  similar  fungoid 
organisms.     (See  under  Rye,  p.  60.) 

For  brewing  and  distilling  purposes  it  is  chiefly  used  in  the 
state  of  raw  grain,  but  reqmres  special  preliminary  treatment 
to  remove  the  germ,  which  contains  a  large  amount  of  protein 
compounds,  and  the  oil,  sometimes  reaching  seven  per  cent., 
communicates  flavours  to  the  beer  or  spirits,  that  do  not 
commend  themselves  to  all  palates. 

Maize  is  now  being  malted  both  by  the  gelatinisation 
process,  the  germination  or  common  system  of  malting,  and  it 
makes  a  very  excellent  description  of  patent  or  black  malt, 
largely  used  in  Ireland  for  colouring  porter  and  stout. 

It  IS  the  most  recently  introduced  of  the  cereals,  but  its 
original  habitat  is  not  quite  certain.  The  origin  and  native 
land  of  all  the  cereals  remains  obscure,  although  all,  excepting 
maize,  are  supposed  to  be  indigenous  in  the  Eastern  hemisphere, 
whilst  maize  is  affirmed  to  be  of  American  origin,  and  to  have 
been  unknown  in  the  old  world  before  the  time  of  Columbus. 
This  last  assertion  is  disputed  from  the  fact  that  travellers 
have  found  it  in  cultivation  in  various  parts  of  Asia  and  Africa 
before  any  intercourse  had  arisen  with  white  men,  and  because 
it  is  described  in  the  "  Nieuwe  Herball,"  published  1578,  as 
Frumentum  Turcicum  vel  AsiaticumA 

t  For  some  time  past  Belgian  distillers  have  been  using  a 
seed  or  kind  of  com  called  dari,  which  resembles  maize,  for 
the  production  of  alcohol,  and  it  is  also  used  to  some  extent  in 

*  R.  A.  0.  AiraTSir,  Sep,  Brit,  A$toe.  for  1849,  Seetumtf  p.  68. 

t  A.  W.  BuosLAVD.  PrimitiTe  Agrionlture.  £ep,  Brit,  Anoe,  1876,  Seetitmt,  p.  164. 

i  EH^ineer,  Jolj  21,  1882,  toI.  Ut.,  p.  43. 
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Ireland.    This    grain    is    imported  chiefly  from  Egypt  and 
Syria,  and  its  composition  is  as  follows.: — 


Hgyptian  daii. 

Water 10-06 

NitrpgenouB  oonstitiients        7*06 

Fat          6-11 

Extract  free  from  nitrogen 74*20 

Husk 0-97 

AjBh          1-62 


Syrian  dari. 

9-97 
9-88 
3-62 
72-22 
1-63 
2-18 


This  dari  is  the  same  as  the  dhoura  from  which  the 
Nubians  make  a  kind  of  beer  called  bouza. 

However  useful  maize  may  be  to  a  brewer  as  raw  or 
gelatinised  grain,  or  as  black  malt,  it  is  at  present  impossible 
to  find  any  satisfactory  maize-malt  (properly  so  called).  The 
germination  of  maize  is  difficult  in  consequence  of  the  construc- 
tion and  nature  of  the  kernel  and  its  tenderness  when  Rowing. 
It  is  in  addition  very  liable  to  heat  in  transit,  such  heatmg  very 
generally  causing  defective  vegetative  capacity,  fatal  to  malting, 
but  of  less  consequence  to  the  com  if  gelatinised  or  simply 
ground,  as  used  by  distillers. 

The  value  of  maize  is  determined  by  actual  and  comparative 
weight  and  freedom  from  injury.  Few  of  the  cereals  vary 
more  widely  in  the  percentages  of  moisture  present. 

The  following  analyses  sufficiently  indicate  the  composition. 

Payen  found  14  per  cent,  water  in  maize,  and  the  dried 
grain  consisted  of : — 


Huak 
Gluten   . . 
Starch    . . 
Sugar  and  gum 
Fatty  matter     .  • 
Saline  matter  or  aah 
Water     . . 


6-9 
12-3 
71-2 
0-4 
9-0 
1-2 


Truly, 
6074 

10-678 

61-232 
0*344 
7-740 
1032 

14000 


The  ash  being : — 

^rovaBBa 
Soda 

Lime      .  • 
Kagnewa 
FhoBphoric  aoid 
Sulpnuzio  add  .. 
Silioa 
Seequiozide  of  iron 


26-63 
7-64 
1-69 
16-44 
39-66 
6-64 
2-09 
0-60 
0-92 


) 


t 
30-8 

1-3^ 
17-0* 
60-0 

0-8 

0-1 


A  very  fall  account  of  the  chemical  composition  of  the 
different  parts  of  the  maize  plant  at  various  stages  of  growth  is 
given  by  Homberger  and  von  Baumer  in  the  Landwirthlicher 
Jahrbuch  for  1882,  p.  359,  and  another  by  H.  Leplay  in  the 
Comptes  Bmdtis,  1882-83,  t.  xcv.,  pp.  1033,  1133;  t.  xcvi., 
p.  159. 

*Fboicbbbo;  grown  in  United  States.     tLETELUSB;  grown  at  Bechelbroun. 
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Dr.  Bauer*  fomisheB  a  table  giving  the  values  of  five  samples 
of  two  descriptions  of  American  maize. 


Kitrogenocw             Kon- 

WMte  L   ... 

oompoondfl.       iii<zogeiioaa.t 
...    8-4        ...        6>42 

„     II.   ... 

...    9-2        ...        67-91 

,,  in.  ... 

Yellow  L    ... 

...    8-7        ...        69-52 

...  10-2       ...       66-47 

.,    n.  ... 

...    9-6       ...       64-21 

Fat. 

Aih. 

Water. 

4-32 

•  •  t 

1-47 

...       9-11 

4-63 

•  •• 

1-64 

...      11-8 

4-62 

•  •  • 

1-69 

...      10-4 

6-12 

■  •  • 

1-72 

...      11-9 

4-98 

•  •  • 

1-64 

...      12-2 

The  granules  of  starch  in  maize  vary  considerably,  those 
from  the  harder  portion  of  the  berry  differing  in  size  and  shape 
from  those  of  the  softer,  or  mealy  part.  They  are  compound 
and  single. 

Oats  (Avena  sativa). 

"  Ta  .  .  .  .  sUyertrein  tenui  Musam  meditaria  ayenft.*'! 

The  genus  Avena  is  distinguished  by  large  membranaceous 
outer  pales  enclosing  from  two  to  three  florets,  each  armed 
with  an  awn  more  or  less  twisted  and  bent. 

The  wild  oat,  A .  fatua,  can  in  nine  or  ten  generations  be 
transformed  into  the  potato  and  Tartarian  varieties  of  the  culti- 
vated oat,  gradually  losing  the  hairs  on  the  pales  and  increasing 
in  plumpness  of  grain. 

The  oat  is  much  Ughter  than  barley,  a  bushel  weighing  about 
36  lbs.  to  38  lbs.  on  the  average,  good  heavy  samples  running 
up  to  44  lbs.  It  contains  also  much  more  cellulose  and  fat 
than  barley.  It  is  but  Uttle  used  in  brewing,  although  it  is 
easily  and  profitably  malted,  for  though  its  nitrogenous  con- 
stituents are  in  less  proportion  than  those  of  barley,  their 
character  is  such  as  to  resist  clarification  of  the  resulting  beer, 
unless  used  under  favourable  conditions  of  water. 

Beer  made  from  oats  is,  however,  very  pleasant  to  the  palate, 
and  has  a  soft-drinking  roundness  or  mllness,  much  hked. 
Now  that  the  duty  is  removed  from  malt,  oats  can  be  malted 
with  economy,  and  they  deserve  much  more  extended  use. 

The  growth  of  the  acrospire  is  the  same  as  in  barley,  and  if 
grown  freely  the  roots  develope  fcdly,  to  the  advantage  of  the 
malt.  The  comparative  cheapness  of  oats,  shown  by  market 
(j^uotations  at  per  quarter,  is  capable  of  considerable  modifica- 
tion by  the  following  estimations  by  Pillitz  and  Muspratt. 

AllnunlnatM 
Water.        Btaxoh.      Dextrine.      Bogar.     Soluble.    loaoluble.     Oelliiloee.      Fat.         AOu 
13-6   ...    46-78    ...    1-26   ...   0*32    ...    2-3    ...    10-36   ...    16-21    ...   4-2    ...    3*6 

Carbooaoeona  mattcn.       Kitzogenoaa  matter. 
H'O     11-99 61-6 4-1      ...    6-6   ...    3-0 

Rice  {Oryza  sativa). 

The  inflorescence  is  in  panicles  ;  there  are  two  glumes  not 
exactly  opposite ;  the  outer  pale  is  ribbed.  The  seeds  grow  on 
separate  pedicels  which  spnng  from  the  main  stalk,  and  each 

*  Amerieon  Brtweri  Joumalf  1881.  f  Starch,  dextrine,  and  sugar 

{  Virgil,  I.  Edogue  2. 
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grain  is  usually  terminated  by  an  awn  or  beard  resembling 
that  of  some  kinds  of  wheat.  It  is  a  marsh  plant,  and  can  only 
be  cultivated  successfully  when  the  ground  can  be  inundated 
during  a  certain  period  of  its  growtn;  besides  which  it  re- 
quites a  temperature  of  60°  to  80°  Fahr.  to  ripen ;  consequently 
its  cultivation  in  Europe  is  limited,  being  chiefly  connned  to 
Lombardy. 

Bice  contains  more  starch  and  less  gluten  than  any  other 
grain,  and  is  rapidly  becoming  largely  used  in  brewing  in  Great 
Britain  in  both  its  raw  and  gelatinised  state.  It  has 
been  malted  in  Japan  for  ages,  and  is  almost  exclusively  the 
grain  used  for  beer-making  in  that  coimtry.  (See  chap,  xii.) 

Bice,  as  usually  imported  into  Britain,  is  incapable  of  being 
made  into  malt  by  the  common  processes  of  germination,  owing 
to  the  rough  treatment  it  receives  in  removing  the  husk  and 
outer  skin  or  testa.  As  it  is  such  a  pure  grain,  and  when 
gelatinised  is  so  well  adapted  to  produce  a  pure  and  satisfactory 
wort,  it  may  perhaps  be  regarded  as  an  unnecessary  if  not 
undesirable  thing  to  attempt  to  malt  rice  at  all. 

The  granules  of  starch  in  rice  are  single  and  compound.  They 
vary  largely  in  size  from  climate,  soil,  position,  species,  &c.,  &c. 

The  following  analyses  sufficiently  indicate  the  general 
character  of  rice. 


Name  of 
Axmlyft. 

Starch. 

Gluten. 

Eat. 

Sugar 

and 

Qum. 

Epider- 
mia. 

Ash. 

Water. 

Payen 

(dry  rioe) 

86-9 

7-6 

0-8 

0-6 

3-4 

0-9 

^^ 

,1           ... 

tt 

7617 

6-49 
Fkoteiiu. 

0-69 

0-43 

2*94 
Cellulofle 

0-78 

13-6 

Wigner    ... 

Madras   ... 

77-68 

6-3 

1.11 

0-87 

0-66 

1-02 

12-46 

,1         ••> 

Raree 

76-23 

6-94 

1-96 

1-14 

1-04 

2-60 

1209 

Atkixuxm... 

Banshiui... 

69-23 

6-78 

1-86 

6*46 

3-27 

1-21 

12-86 

n 

Kazal      ... 

72-81 

4-3 

118 

4-4 

2-67 

204 

12-6 

Bechilbroun  has  found  the  ash  of  rice  and  rice-husk  to  con- 
sist of: — 

Ash  of  Bice, 

^  w  ImUHRv    •  •  •  •  ■  ■ 

Soda 

l^bgnesia 
lAxne      ..• 
Phosphoric  adld  ... 
Snlphiuio      „     ... 
Silica     ... 
Sesqnioxide  of  iron 

Bice  contains  less  fatty  matter  than  any  other  grain,  and,  as 
with  most  cereals,  the  greater  portion  is  found  in  the  husk. 

Bte  (Secale  cereale). 

Bye  is  related  to  wheat,  but  is  distinguished  by  its  spiked 
inflorescence,  which  bears  two-flowered  spikelets,  having  a 
long-stalked  rudiment  of  a  third  floret :  the  glumes  are  awl- 


Grain. 

Huak. 

18-48 

1-60 

10-67 

1-68 

11-69 

1-96 

1-27 

1-01 

63-36 

1-86 

—            .  • . 

0-92 

3-36 

.       89-71 

0-46 

0-64 
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shaped.  It  is  a  highly  nutritious  cereal,  largely  used  in  the 
east  of  Europe  as  a  food-grain,  and  in  the  production  of 
alcohol.  It  appears  to  he  a  native  of  the  Crimean  mountains, 
and  thrives  best  in  dry  regions,  being  subject  in  damp  localities 
to  ergotism.*  It  is  a  lighter  grain  than  wheat,  but  heavier 
than  most  barley,  a  bushel  weighing  on  an  average  57  lbs. 
Except  in  Bussia  and  some  parts  of  Belgium,  rye  is  not  used 
in  brewing,  from  its  tendency  to  butyric  fermentation  and 
from  the  excess  of  protein-compounds,  which  prevents  clarifi- 
cation. 

The  albuminoids  of  rye  are  less  stable  than  those  of  other 
grain,  putrefying  to  ptomopeptones  if  the  grain  or  meal  be  left 
damp.  This  is  evidenced  by  the  evolution  of  trimethylamine 
when  such  meal  is  heated  with  alkali.     The  high  diastatic 

Eower  of  the  rye-proteins  causes,  in  cases  of  unfavourable 
arvests,  the  conversion  to  glucose  of  a  considerable  quantity 
of  the  starch  ;  and  in  the  presence  of  mildew,  ergot,  and  similar 
ferments  (common  in  rye,  on  account  of  the  instability  of  its 
proteins),  the  glucose  passes  in  part  into  lactic  and  butyric 
acids.  Maize  and  oats  approach  rye  in  these  respects,  being 
liable  to  similar  fermentative  and  putrefactive  influences,  which 
produce  epidemics  where  the  affected  grain  is  extensively  con- 
sumed as  human  food. 

Bye,  like  wheat,  develops  the  acrospire  outside  the  cuticle, 
and  as  a  consequence  is  difficult  to  germinate.  It  is  rarely 
malted.  The  composition  of  the  grain  renders  its  use  in  beer 
imdesirable.  Its  constituents  are  thus  indicated  by  Mus- 
pratt : — 

Water.  Aah.  ^^^^       ^iXT"  ^'^'  ^ 

16-6        ...        1-9        ...        9-0        ...        67*7        ...        3-0        ...       2-0 

And  more  fully  by  Pillitz  : — 

Water.  A-h.    Starch.  Dertrine.  Bogar.    ^^[tto^  Cdlul(«.    Fat  goitw^SSSle. 
13-85    1-46    66*41     4-97       1-87         3-61  3*93       217      3*33      9*11 

Wheat  (Triticum  vulgare). 

Common  wheat  has  solitary  quadrangular  imbricated  spikes 
(ears),  with  four-flowered  spikelets ;  the  valves  ventncose, 
ovate,  truncate,  mucronate,  and  compressed  under  the  apex, 
the  nerve  somewhat  prominent.  Cultivation  has  produced  so 
vast  a  number  of  varieties  of  this  leading  cereal,  that  a  mere 
enumeration  of  their  names  would  take  up  a  greater  space 
than  I  VTish  to  devote  to  this  topic,  the  grain  being  but  little 
used  for  brewing  purposes. 

The  genus  Triticum  has  been  divided  into  Cerealia  and 
Agropyra,  that  is,  useful  grain  and  grasses  respectively,  the 
couchgrass  or  twitch,  T.  repens,  being  an  example — only  too 

*  Ergpot  i«  a  diaeaso  in  which  the  seedB  of  lye  and  other  graases  anoonTerted  Into 
a  black,  honuhaped  spur,  containing  an  organic  principle  which  is  naed  in  medi* 
cine,  and  which,  when  occurring  in  pastures,  gives  rise  to  abortion  of  stock.  Its 
occasional  presenoe  in  rye-bread  has  been  known  to  {oodnoe  serious  discnders  (see 
bibliography). 
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familiar  to  farmers— of  the  division  Agropyra,  whilst  wheat  and 
spelt,  in  their  many  varieties,  are  Cerealia. 

The  distinction  of  spring  and  winter  wheat  is  arbitrary,  as 
in  two  or  three  seasons  either  can  be  converted  into  the  other. 
Certainly  they  do  not  merit  the  distinctive  varietal  names — 
iBstivum  and  hibemum.  The  wheats  are  distinguished  from 
the  spelts  by  the  grain  of  the  former  being  readily  detached 
from  the  husk,  which  in  the  spelts,  as  in  oats  and  barley,  is 
adherent  to  the  grain. 

Emmer  {Triticum  amyleum),  spelt  (T.  spelta),  and  horse- 
spelt,  or  one-grained  wheat  (T.  monococcum),  are  grown  to  a 
considerable  extent  in  South  Germany.  Eev.  Prof  Henslow* 
concludes  that  M.  Fabre's  original  statement  that  Mgilops 
ovata  was  the  origin  of  the  domestic  wheat  was  not  altogether 
without  foundation,  though  he  had  not  succeeded  in  obtaining  ^ 
the  characters  of  wheat  £om  JE,  squarrosa. 

Theodore  de  Saussure,  in  his  "Kecherches  Chimiques  sur  la 
V^g^tation"  (8vo,  Paris,  1804),  gives  the  analyses  of  the  ash  of 
the  grain  and  of  the  straw  of  wheat,  barley,  &c.,  as  follows : — 


Wbxat. 

Bablbt. 

Qtsin. 

Straw. 

Grain.             Straw 

Potaflh  (carbonate) . . 

160       . 

.     12-6     . . 

..     18-0       ..     160 

Phosphate  of  potash 
Muriate  of  potash   . . 

82-0       . , 

6-0     .. 

.       9-2       ..         — 

0vl6     . , 

30     .. 

..       0-26     ..       3-6 

Sulphate  of  potash  . . 

trace    .. 

»       2-0     .. 

..       0-6       ..       0-6 

Earthy  phosphates  . . 

44-6      . , 

,       6-2     . . 

..     32-5        .       7-75 

Silica 

0-6       . 

.     61-6     . . 

..     36'6       ..     670 

Metallio  oxides 

0-26     . . 

10     .. 

..       0-26     ..       0-6 

Loss 

7-69     . . 

7-8     . . 

..       2-8       ..       2-26 

Earthy  carbonates  .. 

0-0       . , 

1-0     .. 

—       ..     12-6 

Wheat  is  the  chief  cereal  cultivated  in  Europe  and  America, 
and  from  the  great  attention  which  it  has  received  from 
agriculturists,  it  has  developed  into  a  larger  series  of  varieties 
than  any  other  aUmentary  grain.  The  varieties  differ  in 
colour,  in  the  presence  or  absence  of  awns,  in  dimensions  of 
the  grain,  and  of  the  entire  plant.  The  alimentary  value  of 
wheat  is  due  largely  to  its  high  percentage  of  starch,  and  it 
also  contains  a  large  proporaon  of  gluten.f  The  latter 
substance  produces  the  vitreous  appearance  of  the  grains  of 
the  red  wheats,  whilst  the  mealy  character  of  the  yellow 
wheats  is  due  to  their  consisting  so  largely  of  starch. 

The  average  density  of  wheat  is  over  1*4,  and  is  higher  in 

Eroportion  to  its  amount  of  gluten.     Of  fatty  matter  it  contains 
:om  2  to  3  per  cent.,  and  about  2  per  cent,  of  ash,  but  this 
varies  with  soil,  manures,  &c. 

The  starch  of  wheat  is  less  easily  convertible  than  that  of 
other  grain,  and  it  is  comparatively  rarely  used  in  brewing, 
partly  on  this  account,  but  chiefly  from  its  high  price,  the 

*  Sep.  Brit.  Auoe.  for  1866,  Sections,  p.  87  (see  bibHography). 

t  SnncFr  states  (^Centr,  Agrih-Chem,  1882,  p.  786)  that  the  best  Oerman  and 
American  wheats  contain  24  per  cent,  of  glutei ;  South  Bussian,  46 ;  Califotnian 
and  Australian,  23  to  24.  The  Russian  is  mixed  with  starchy  English  wheat,  and 
sold  under  the  name  of  mixed  Dantaio  wheat. 
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difficulty  of  malting  a  hnskless  grain,  and  of  mashing  the 
resulting  malt,  and  the  excess  of  protein-compounds  compli- 
cating the  subsequent  processes.  The  red  wheats  are,  of 
course,  more  objectionable  on  the  last-mentioned  ^ound  than 
the  yellow.    Wheat  is,  however,  used  for  brewing  in  some 

Earts  of  Germany  and  Belgium  in  the  manufacture  of  Weiss 
eer,  and  also  in  Britain  during  those  seasons  when  it  is 
relatively  cheaper  than  barley,  or  for  making  ftdl-bodied  and 
stock  beers. 

Wheat  has  never  malted  properly,  owing  to  its  natural 
defects  of  excess  of  gluten  and  tenderness  of  acrospire,  which 
not  only  grows  upon  the  exterior  of  the  grain,  but  appears 
almost  immediately  after  the  roots,  and  at  the  same  end  of  the 
com.  Many  attempts  have  been  made  to  malt  it  with  oats, 
barley,  or  other  protecting  grain,  but  great  care  has  been 
needed,  and  the  result  has  not  always  been  satisfactory  even  to 
the  maltster,  and  still  less  to  the  brewer. 

The  starch  of  wheat  very  much  resembles  that  of  rye  and 
barley.  Wiesner  asserts  that  the  granules  of  these  three  grains 
all  possess  the  same  specific  character,  and  can  always  be 
readily  identified  from  all  other  starch  granules.  All  large 
granules  are  lentiform,  and  small  ones  globular  or  polyhedral. 

D^h^rain  and  Meyer  give,  in  the  Annales  Agronomiques 
for  1882,  pp.  23 — 43,  detailed  tables  of  the  composition  of 
various  parts  of  the  wheat-plant  at  different  stages  of  its 
growth. 

The  analyses  on  p.  62  show  fairly  clearly  the  values  of  all 
the  preceding  grains,  and  also  of  barley,  in  parts  per  hundred 
by  weight. 
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BARLET. 

"  Let  husky  wheat  the  hau^hs  adorn, 
And  aits  set  up  their  awnie  horn, 
And  peas  and  Deans  at  e*en  or  mom 

Perfume  the  plain. 
Leeze  me  on  thee,  John  Barleycorn, 

Thou  king  of  grain !  ** 

Bttunb. 

Barley : — 
History.  Statistics  of  Cultivation  in  Qreat  Britain.  Botanical  Definition. 
CSommon  and  Specific  Names  of  Sixty-three  Varieties.  Brief  Description  of 
Mensuiy,  Escurgeon,  Bigg,  Annat,  and  Chevalier  Barleys.  General  Struc- 
ture of  Barley.  Foreign  Barley.  Cultivation,  Soil,  Climate,  Sowing. 
Manures — ^their  Influence  and  Effect.  Soils,  Rotation,  Harvesting,  Climatore. 

For  countless  generations  barley  has  been  esteemed  the  grain 
best  adapted  to  brewers'  use  when  malted,  from  the  character 
of  the  beer  it  produces.  As  it  is  also  able  to  bear  the  process 
of  malting  with  less  injury  than  any  other  grain,  seed,  or 
fruit,  it  has,  consequently,  been  used  almost  universally  for 
making  malt. 

Tra£tion  states  that  barley  was  the  first  cereal  cultivated 
by  man,  and  it  is  quite  probable  that  in  this  case,  as  in  so  many 
others,  traditional  belief  is  based  upon  fact.  That  early  and 
primitive  races  cultivated  barley  is  proved  by  the  abundance 
of  its  remains  constantly  found  in  the  Swiss  lake  dwelling 
and  elsewhere,  and  the  earUest  classical  writers  speak  of  it. 
So  lost  in  the  mist  of  the  past  is  its  origin  that  it  is  now  fruit- 
less to  attempt  to  trace  it.  India,  Tartary,  Egypt,  Siberia, 
and  Scotland  all  claim  to  have  originally  produced  it.* 

The  chief  purpose  for  which  barley  is  used  is  to  make  malt 
for  brewing  and  distilling.  It  is  rarely  made  into  bread,  but 
in  a  variety  of  ways  is  used  occasionally  as  an  article  of  human 
diet.  All  the  inferior  grades  are  used  freely  for  pig-,  cattle-,  and 
poultry-feeding,  and  its  medicinal  virtues  for  fevers  or  inflam- 
mation are  still  occasionally  put  into  requisition. f 

*  Cnnohelin,  an  early  British  king,  stamped  the  reverse  of  his  coins  with  a  short 
barler-ear  in  bold  reliel. 

t  in  reading  yarious  works  on  malting,  a  highflown  and  jaw-cracking  descriptian 
of  the  medicinal  Tirtues  of  barley  is  nequently  encountered.  It  is  difficult  to 
find  the  originator.    It  apparently  gradually  evolTed  from  Uie  opinions  of  Com- 
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Barley  beloDgs  to  the  genus  Hordeum  of  LinneBUS,  several 
species  of  which  have,  by  cultivation,  been  transformed  into 
the  large  number  of  varieties  now  in  use. 

Hordeum  is  a  genus  of  the  order  Grammece,  of  which  wheat, 
rice,  &c.,  are  allied  genera. 

Its  distinctive  generic  characters  are  the  bivalved  calyces 
with  single  flowers,  arranged  in  triplets  on  the  axis  of  the  ear. 
In  rye  the  flowers  are  double,  whilst  in  wheat  there  is  but 
one  calyx,  with  from  three  to  five  flowers,  on  each  tooth  of 
the  axis. 

The  full  generic  characters  of  Hordeum  are  as  follows  : — 
Flowers  glumed,  hermajphrodite,  on  an  ear  which  is  gene- 
rally simple,  and  formed  of  sessile,  ventricose  spikelets,  closely 
disposed  on  an  alternately  toothed  axis,  three  spikelets  on 
eacn  tooth.  The  spikelets  bear  single  flowers,  consisting  of 
(1)  involucre,  with  six  linear  acuminate,  distant  folioles  dis- 
posed in  pairs ;  (2)  a  bivalved  corolla,  the  exterior  valve  oval, 
ventricose,  acuminate,  ending  in  a  long  beard,  the  interior 
valve  smaller,  lanceolate,  smooth  and  without  beard ;  (3) 
three  stamens,  with  capillary  filaments  shorter  than  the 
corolla,  ending  in  oblong  anthers  ;  (4)  ovary  superior, 
turbinate,  surmounted  by  two  hairy  styles :  fruit  enclosed  in 
the  indehiscent  corolla,  an  oblong,  ventricose,  fusiform  grain, 
sulcate  on  one  side. 

The  principal  species  of  Hordeum  are — 
H.  vulgare     1 

H.  distichon  [  Common  Barley. 
H.  coeleste    ) 

H.  hexastichon  (Bere,  Bigg,  or  Escurgeon). 
H.  polystichon  (Six-rowed  barley). 
E.  zeocriton  (Pyramidal  Bussian  barley). 
Hordeum  vulgare  is  thus  defined  by  Linne  : — 
"  Hordeum    flosculis    omnibus    hermaphroditis     aristatis  : 
ordinibus  duobus  erectioribus."  (Syst.  Plant,  i.  235.)     It  is 
probably  a  native  of  Bussia.* 

brone,  Champion,  and  others.  In  its  finite,  orystaUine  form  it  occnrs  in  Levesque, 
Huspiatt,  &o.,  and  no  fntoxe  work  on  malting  can  be  complete  without  it ;  for  the 
influence  exerted  hj  malting  on  such  a  f eanul  compound  must  be  oonaidearable. 
"  The  medicinal  qualities  are,  according  to  a  celebrated  phTsioian,  cooling  and 
«  drying  in  the  first  degree ;  they  are  gently  repercusslTe,  abstersiTe,  diuretic,  and 
*<  anodyne,  appropxiated  to  the  lungs  and  reins  "  (^^yeins"  by  Mu4>ratt,  p.  236), 
<*and  galactogenetic.  All  barleys  haye  the  same  qualities'^'  (Leyesque,  p.  8). 
Barley  naaffot  better  since  then. 

*  iW.  ^er,  in  his  account  of  the  plants  of  the  Lake  Dwellinffs  of  Switzerland 
Zurich  (1866),  si^  :—'*  Probably  the  small  six-rowed  barley  of  ike  lake  dwellings 
**  is  the  original  form  from  which  the  four-rowed  barley  has  descended.  The  axes 
**  of  the  ears  haye  become  longer  by  cultiyation,  the  spikelets  are  pushed  further 
**  asunder,  and  therefore  the  longitudinal  rows  lie  one  oyer  the  other.  We  thus 
**  find  only  four  rows  on  the  ears,  and  the  form  becomes  what  is  Imown  as  common 
"  barley,  Hordeum  vulgare.  But  there  was  also  a  change  in  another  direction.  In 
"  the  Bide  florets  the  pistila  do  not  come  to  perfection,  and  consequently  only  the 
'*  middle  g^rains  are  produotiye ;  thus  we  get  only  two  rows  of  grams,  which 
*'  consequently  become  larger ;  and  so,  by  the  lengthening  of  the  axes  of  the  ears, 
'*  we  get  the  two-rowed  barley,  Hordeum  dietichon,  but  by  the  shorter  axes,  the  rice 
"  barky,  Hordeum  teocriton,  I  consider,  howeyer,  all  these  forms  of  barley  only  as 
"  yarieties  of  one  species  QHordeum  hexattiehonyy  in  fact,  they  sometimes  exhibit  a 
''  transition  from  one  to  another.** 
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This  species'  is  the  common  barley  caltivated  throughout 
both  temperate  zones.  It  grows  to  a  height 
of  two  or  three  feet,  with  a  straight,  smooth 
fluted  straw.  The  leaves  are  long,  pointed, 
about  three-fourths  of  an  inch  wide,  rou^ 
on  both  surfaceH,  except  at  the  base,  where 
they  clasp  the  stem;  they  are  of  a  clear 
green,  with  a  white  nervure  along  the  edge, 

Lii     111         A  brown  tinge  marks  a  slight  contraction  of 
fUd  I    '       the  stem  above  each  joint. 
■  "         The  flowers  form  an  ear  about  three  inches 

in  length,  with  very  long  awns  extending 
from  the  exterior  valve  of  the  corolla.  The 
awns  are  finely  barbed  on  both  sides,  and 
when  dry  are  very  brittle,  so  that  any  attempt 
by  a  bird  to  extract  a  shed  grain  from  a 
crevice  by  the  awn  mast  fail,  on  account 
of  the  barbs  holding  and  the  awn  break- 
ing. 

The  folioles  of  the  involucre  are  also 
bearded,  but  only  by  short  hair-like  pro- 
cesses. The  ear  is  nearly  square  in  section, 
but  a  little  flattened.  The  grains  are  in 
three  rows  on  each  side,  the  outer  ones 
standing  out  obliquely  from  the  stem,  the 
central  row  erect.  The  variety  p  coeleate  has 
its  seeds  detached  from  their  envelope. 

"Hordenm  distichon, — Hordeum  floscolis 
"  latersJibus  masculis  muticis  seminibus 
"  angularibus  intrieatis,  distichis,"  Linn£, 
Syst.  Plant,  i.  236.  Probably  a  native  of 
Samara,  Asiatic  Bussia. 

The  spikelets  are  in  two  rows,  composed 
of  fertile  flowers,  the  very  long  awns  being 
famished  with  short  sharp  teeth  on  both 
edges.  The  grain  is  imbricated,  the  angles 
of  the  husk  set  with  very  short  stiff  hairs. 
Between  the  rows  of  fertile  flowers  is  a  sterile 
row  without  stamens  or  beards.  As  in 
H.  vulgare,  there  is  a  variety  H.  nudum, 
the  seeds  of  which  are  detached  from  the 
husk. 

The  H.  gymnostichon  of  some  authors 
appears  to  be  the  naked  variety  of  H.  vul- 
gare and  H.  distichon,  which  again  some 
afiirm  to  be  but  one  species  modified  hj 
cultivation. 

Hordeum  hexastichon  is  described  by  Linn4 
as  "  Hordeum  flosculis  omnibus  hermaphro- 
—  -'  ditis  aristatis :  seminibus  sexsoriam  positis." 

Ba>  of  BiBtiT,        (gygj  pij^jjt.  i.  236.) 
The  flowers  are  in  six  rows,  all  eqoaUy  separated  from  the 


BABLEY. 


67 


stem,  the  ears  are  shorter  and  more  compact  than  those  of  H. 
viUgare,  but  this  may  be  the  effect  of  cultivation. 

"  Hordeum  zeocriton. — Hordeum  floscnlis  lateralibns  msts- 
"  cnlis  mnticis,  seminibns  angularibns  patentibns  corticatis." 
Linn^  ("  Syst.  Plant.,"  i.  236). 

This  grows  to  a  greater  height  than  the  foregoing  species ; 
its  leaves  are  glossy,  very  slightly  rough,  and  not  more  than 
half  an  inch  wide ;  the  ear  very  short  and  pyramidal  in  form, 
with  the  awns  spread  like  a  fan.  The  hermaphrodite  flowers 
have  big  stiff  awns ;  the  male  flowers,  set  close  to  the  stem,  are 
beardless. 

Appended  is  a  list  of  the  more  prominent  varieties  in  alpha- 
betical order,  for  the  greater  part  having  the  specific  deter- 
minations. Perhaps  the  various  common  names  by  which 
barley  is  known  in  English  books  is  not  entirely  uninteresting. 
This  list  could  be  greatly  added  to,  if  purely  provincial  and  local 
designations  were  admitted.  All  the  foUowmg  terms  are  freely 
used  by  writers,  apparentiy  marking  weU-known  varieties  :- 


Ccnxmum  Name. 

American  barley. 

Annat  barley. 

Battledore  barley. 

Bearded  barlev. 

Beardless  barley. 

Bere. 

Berkshire  barley. 

Bigg  or  four-rowed  barley. 

Brewers'  Delight  barley. 

Chevalier  barley. 

Cheyne  barley. 

Coffee  barley. 

Common  Long-ear  barley. 

Conunon  win4  barley. 

Dunlop  barley. 

Early  £!nglish  barley. 

Early  ripe  barley. 

Egyptian  barley. 

Escurgeon. 

Pan  barley. 

Pluckwheat  barley. 

German  barley. 

German  rice  barley. 

Golden  drop  barley. 

Golden  melon  barley. 

Heaven  barley. 

Himalaya  barley. 

Hotspur  barley. 

Italian  four-rowed  naked  barley 

Jerusalem  barley. 

Mammoth  barley. 

Mensury  barley. 


Spedfio  Name. 

Hordeum  distichon. 
H.  zeocriton. 
H.  distichon. 
H.  distichon. 
H.  hexastichon. 
H.  vulgare. 
H.  hexastichon. 

H.  distichon. 

H.  distichon. 

H.  distichon. 

H.  vulgare. 

H.  vulgare  hybemum. 

H.  vulgare. 

H.  vulgare. 

H.  vulgare. 

H.  hexastichon. 
H.  distichon. 


H.  zeocriton. 


H.  vulgare  nudum,  or  cceleste. 
H.  distichon. 


H.  vulgare  nudum,  or  coeleste. 
H.  hexastichon. 
H.  polystichon. 
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Oommon  Name. 

Moldavian  barley. 

Naked  barley. 

Noble  barley. 

Norfolk  Short-neck  barley. 

Nottingham  Long-ear  barley. 

Peacock  barley. 

Pearl  barley. 

Pomeranian  barley. 

Potter's  barley. 

Pyramidal  Bnssian  barley. 

Bathripe  barley. 

Bettema  barley. 

Bice  barley. 

Sand  barley. 

Siberian  barley. 

Soot  barley. 

Spoon  barley. 

Sprat  barley. 

Sq^uare  barley. 

Stirling  barley. 

Stock  barley. 

Summer  barley. 

Thanet  barley. 

Turkish  pfara  barley. 

Two-rowed  Battledore  barley. 

Two-rowed  Black  barley. 

Two-rowed  Sprat  barley. 

Victoria  here. 

Winter  barley. 

Zealand  barley. 


Speoiflc  Name. 

H.  vulgare  nudum. 


H.  zeocriton. 

H.  vulgare. 

H.  vulgare  hybemum. 

H.  distichon  zeocriton. 

H.  vulgare. 

H.  coeleste. 

H.  vulgare  hybemum. 

H.  trifurcatum. 

H.  zeocriton. 

n.  hexastichon. 

H.  hexastichon. 
H.  vulgare  SBstivum. 

H.  zeocriton. 
H.  distichon. 
H.  distichon. 
H.  distichon. 
n.  hexastichon. 
H.  hexastichon. 

H.  distichon  densum  (Swiss). 

The  blanks  in  either  list  are  names  I  have  been  unable  to 
verify. 

Mensury.  This  is  described  as  "a  new  variety  likely  to 
'  become  popular  (in  United  States  and  Canada).  It  is  six- 
'  rowed,  and  was  sent  out  by  the  department  of  Agriculture 
'  five  or  six  years  ago.  It  originated  in  Canada.  It  has  long 
'  heavy  heads,  which  hang  down  when  filling,  but  its  straw  is 
'  so  strong  that  it  does  not  fall  down  even  on  the  richest  land. 
'  It  has  been  tested  for  malting,  and  is  superior  for  that 
'  purpose.  It  ripens  a  little  later  than  the  common  six-rowed, 
'  and  is  easily  distinguished  from  it  when  growing  by  a  slightly 
'  reddish  tinge  to  the  beard  when  the  head  appears."* 

Escurgeon  is  a  grain  very  little  known  in  Britain  at  present, 
but. which  malts  well  in  France,  and  is  capable  of  yielding  very 
satisfactory  results  to  the  brewer. 

Chevalier  barley  is  probably  the  most  widely  distributed  and 
best  known  variety.  It  originated  from  the  careful  cultivation 
and  selection  of  the  Bev.  J.  Chevalier,  Bector  of  Stonham, 

*  The  Oerman  ami  Ameriean  Brewen^  Journal^  toI.  vi.  No.  12,  p.  412  [1882]. 


BABLEY.  69 

Suflfolk.  It  now  grows  most  successfolly  in  every  country  of 
Northern  Europe,  America,  Australia,  New  Zealand,  and  even 
Chili.  It  produces  heavy  crops  of  extremely  friable  grain, 
distinguished  by  their  almost  transparent  husk,  high  percen- 
tage  of  starch,  evenness  and  plumpness  of  kernel,  and  great 
weight.  All  the  best  qualities  of  every  class  of  barley  seem 
combined  in  this  one  variety,  excepting  that  it  is  not  awnless. 

Bere  and  bigg,  of  which  there  are  numerous  varieties,  are 
useful  for  cultivation  in  high  latitudes,  in  consequence  of  the 
short  time  they  require  to  mature,  and  because  they  will 
properly  ripen. with  very  little  sun.  They  stand  handhng  in 
shock  better  than  other  barley.  Their  coarse,  harsh  skin  and 
hard,  unkindly  grain  always  cause  them  to  be  disliked,  if  better 
barleys  can  be  bought.  Bigg  rarely  weighs  more  than  50  or  51 
lbs.  i^er  imperial  bushel,  and  was  considered  to  be  so  much 
infenor  to  barley  for  malting,  that,  for  the  last  seventy  years  in 
which  the  Malt  Tax  was  levied,  the  duty  on  barley  was  31  per 
cent,  higher  than  that  upon  bigg.  The  Victoria  bere  is  a  new 
variety,  that  produces  very  heavy  crops,  and  is  nearly  equal  to 
good  barley.  Annat  barley  was  first  cultivated  in  the  Carse 
of  Gowrie.  It  much  resembles  Chevalier,  is  usually  strongly 
rooted,  and  possesses  abundance  of  straw  over  three  feet  long. 
It  is  a  yellower  variety,  not  quite  so  plump  as  good  Chevalier. 
As  it  ripens  more  readily,  and  gives  a  higher  yield  per  acre,  it  is 
much  hked  by  farmers. 

It  is  needless  to  describe  at  length  the  characteristics  of  the 
sixty-three  varieties  included  in  the  above  list. 

Formerly  the  barley  most  approved  by  maltsters  was  called 
the  Bath  or  Early  Bipe,  in  consequence  of  its  ripening  two  or 
three  weeks  before  the  common  sorts.  As  it  did  not  equal  the 
Chevalier,  it  has  to  a  large  extent  been  replaced  by  the  latter, 
and  is  now  little  grown.  It  was  comparatively  a  plump,  thin- 
skinned  barley,  but  as  on  these  points  better  sorts  are  now 
cultivated,  it  has  passed  from  the  general  knowledge  of 
maltsters. 

In  Baspail's  Organic  Chemistry,  (see  Bibliography)  an 
elaborate  description  is  given  of  the  histology  and  chemistry  of 
the  grain. 

Previous  to  fertilisation,  the  outer  layer  of  the  pericarp  (husk) 
is  thick  and  full  of  starch-granules.  These  changing  to  sugar 
and  becoming  soluble,  pass  into  the  perisperm  and  again  become 
starch,  constituting  the  grain.  In  germination  this  process  is 
repeated,  the  starch  of  the  grain  becoming  the  sugar  of  the 
green  maJt,  and,  if  left  to  grow,  the  starch  of  the  resulting 
plant. 

In  the  ripe  grain  of  barley  a  long  shield-like  mark  is  seen 
at  the  base  of  the  convex  surfsice.  This,  the  eye,  or  scar  of 
separation  from  the  parent  flower,  covers  the  germ,  which  is 
surrounded  on  all  other  sides  by  the  white  perisperm,  the  whole 
being  enclosed  in  the  brown  and  resinous  pericarp.  The  peri- 
sperm consists  of  elongated  hexagonal  cells,  *0055  inch  long  by 
'002  inch  broad,  containing  starch,  within  glutinous  membranes. 
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Moisture  bursts  these  cells,  and  the  decomposition  of  the  gluten 
induces  the  change  of  the  starch  to  sugar.  The  non-starchy 
matter  of  the  pericarp  changes  during  the  ripening  of  the  grain 
to  a  resin,  protecting  the  bi^k  of  the  starch  from  the  access  of 
moisture.  In  the  region  of  the  hilum,  near  the  embryo,  this 
resin  is  absent,  admitting  moisture  to  the  germ,  and  thence  to 
the  cotyledon  on  which  it  has  to  feed.  Otherwise,  the  germ 
might  be  starved  by  the  premature  solution  and  diffusion 
through  the  pericarp  of  its  intended  nourishment. 

The  process  of  germination  is  accompanied  by  the  formation 
of  a  trace  of  acetic  acid,  which  attacks  the  glutinous  mem- 
branes of  the  starch  cells.  The  germ  consists  of  a  fleshy 
triangular  cotyledon,  the  microscopic  examination  of  which, 
even  before  germination,  shows  the  structure  of  the  stem  and 
root  of  the  mture  plant. 

The  composition  of  the  entire  grain  remains  problematical  in 
the  face  oi  widely-differing  results  of  analyses.  The  discre- 
pancies are  doubtless  largely  due  to  differences  of  the  samples 
examined;  but  an  important  element  of  error  lies  in  the 
liability  to  rapid  change  in  the  process  of  analysis. 

"  Of  the  many  varieties  of  cultivated  barley,  those  known  as 
distichous  or  two-rowed  barley  are  those  more  commonly 
cultivated,  for  in  them  the  seed  is  tolerably  uniform  in  size, 
and  so  a  better  sample  is  produced,  and  we  believe  that  it  is 
even  more  productive  than  the  six-rowed  form.  This  latter, 
however,  is  frequently  attempted  to  be  employed  in  Germany 
and  America  ;  but  as  the  lateral  florets  are  seldom  so  plump 
as  the  central  one,  a  veiy  uneven  sample  is  the  result.  This 
is  one  of  the  causes  of  the  greater  coarseness  of  the  varieties 
of  the  six-rowed  barley  when  compared  with  the  two-rowed — 
a  fact  perhaps  more  observable  in  the  black  variety  than  in 
any  other.  In  this  group  we  must  notice  a  naked  six-rowed 
variety,  the  grain  of  which  separates  from  the  chaff-scales 
after  the  manner  of  wheat,  the  difference  being  that  in 
ordinary  barley  we  have  the  grain  and  the  chaff-scales,  which 
adhere,  and  form  what  is  usually  called  the  skin  of  the  barley, 
which  is  described  as  coarse  or  fine,  according  to  its  degree 
of  thickness  ;  whilst  in  the  naked  barley  we  have  the  grain 
miniis  the  chaff-scales.  This  latter  is  not  a  good  minting 
kind,  and  therefore,  though  interesting  from  a  botanical 
point  of  view,  is  never  likely  to  become  extensively  culti- 
vated." (Professor  J.  Buckman.*) 
Originally,  in  the  United  Kingdom,  malt  for  brewing  was 
made  from  home-grown  barley  onl^.  Latterly,  very  con- 
siderable quantities  from  other  countries  have  been  imported. 
France,  Germany,  Denmark,  and  the  bordering  countries  first 
exported  to  us ;  Algeria,  Egypt,  Syria,  Russia,  Chili,  California, 
and  even  New  ZeflJand,  foQowed  suit.  Finally,  in  1882,  India 
sent  some  barley,  but  it  has  not  yet  been  sufficiently  good  to 
tempt  any  maltster. 
Some  of  the  colonial  and  foreign  com  is  far  superior  to  our 

*  LxvsLST  and  Hoobb*8  Trea«urj  of  Botanj,  1873,  pp.  696,  597. 
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own  in  appearance.  Some  varieties,  that  are  uninviting  in 
appearance,  prove  of  great  value  in  the  mash-tun.  Take,  for 
instance,  Algerian  or  Chilian.  This  is  long,  lean,  hungry- 
looking  stuff,  that  will  weigh  as  little  as  34  lbs.  per  bushel ;  yet 
if  thirty  per  cent,  of  it  be  properly  ground,  and  added  to  medium 
quality  Elnglish  malt,  the  resulting  wort  is  of  an  improved 
character,  and  the  extract  will  amount  to  as  much  as  84  lbs. 
per  quarter.  The  disistatic  power  of  this  sun-ripe  malt  is 
naturally  far  greater  than  the  bulk  of  the  barleys  of  the  United 
Kingdom  when  malted. 

Cultivation  of  Barley. 

So  great  are  the  influences  of  cultivation  over  the  character 
of  barley,  that  careful  consideration  of  a  few  of  the  more 
important  points  is  necessary — indeed,  no  man  who  ignores 
them  can  become  so  good  a  maltster,  as  he  would  be,  if  he  gave 
them  due  and  careful  consideration.  The  effects  of  soil,  climate, 
manure,  etc.,  must  always  prove  considerable. 

Cold  clay  land,  which  is  stiff  or  tenacious,  no  matter  how 
well  drained  it  may  be,  can  rarely  grow  really  good  malting 
barley. 

Barley  delights  in  a  warm  friable  soil,  such  as  the  calcareous 
loams,  etc.,  of  Norfolk,  and  the  districts  having  a  chalk  sub-soil, 
which  are  the  best  natural  soils.  Bich,  loamy,  or  well-manured 
sandy — and  other  dry  soils — are  also  capable  of  producing 
fine  barleys  when  the  season  favours  them,  especially  if  lime 
be  present  in  fair  quantities.  Should  too  much  manure  be 
present,  or  if  from  an^  cause  considerable  decomposition  of 
organic  matter  be  takmg  place,  the  com  has  too  strongly- 
developed  skin  and  husk,  and  is  apt  to  be  deficient  in  starch. 
Such  com,  if  malted,  is  dangerous  to  the  brewer  from  its  excess 
of  nitrogenous  compounds.  Experiments  in  many  countries 
have  demonstrated  almost  beyond  doubt  that  the  percentage 
of  nitrogen  taken  up  by  any  seed  or  plant,  is  ruled  by  the  nature 
of  the  soil  in  which  it  has  grown,  and  the  amount  of  nitrogen 
contained  in  the  soil. 

Barley  is  usually  rich  in  magnesia,  and  consequently  grows 
better  in  a  soil  containing  sufficient  magnesia  for  the  proper 
development  of  the  grain.  If  barley  be  grown  upon  clay,  then 
six  seasons,  at  least,  ought  to  elapse  before  it  is  again  sown, 
unless  a  very  considerable  dressing  of  chalk  and  sand  has  been 
given.  Barley  thrives  best  if  sown  somewhat  deeply.  When 
the  seed-corn  is  spread  over  a  channel  three  inches  wide,  it 

E reduces  more  and  stronger  straw,  larger  ears,  and  plumper, 
eavier  com,  of  better  colour  than  it  would  if  drilled  m  a  con- 
tracted and  narrow  line,  all  other  conditions  being  equal. 

Broadcast  sowing  is  objectionable,  as  irregularity  of  growth 
is  usually  observed,  which  occasions  much  difficulty  at  harvest- 
time.  Planting  with  the  drill  ensures  a  uniform  disposition  of 
the  seed-corn  at  regular  depth,  and  consequent  regularity  of 
ripening  follows. 
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Early  sowing  is  advocated  by  many  practical  farmers.  It  is 
doubtless  better  than  very  late  sowing ;  bnt  soils  and  seasons 
vary  so  greatly  that  no  rule  can  be  given.  Generally  a  Yery 
good  time  is  from  the  middle  of  February  to  the  third  week 
m  April.  February-sown  grain  gives  best  quality — ^April  largest 
quantity.  Barley  will  stand  20^  of  frost  with  no  injury  if  the 
ground  be  in  good  condition. 

"  Barley  is  now  sown  considerably  earlier  than  heretofore. 
"  When  the  soil  is  enriched  by  plentiful  manuring,  its  tempe- 
**  rature  raised  bv  thorough  draining,  and  the  climate  exposure 
*'  favourable,  it  should  be  sown  as  early  in  March  as  possible, 
'*  and  will  often  do  remarkably  well,  though  early  sowing 
"  counteracts  that  tendency  to  over-luxuriance  by  which  the 
"  crop  is  so  often  ruined  in  fertile  soils.  It  is  chiefly  owing  to  this 
''  early  sowing  that  the  average  weight  of  barley  is  so  much 
"  greater  now  than  it  was  thirty  years  ago.  From  fifty-four  to 
«'  fifty-six  pounds  per  bushel  is  now  about  the  average  weight 
**  in  well-cultivated  districts,  while  fifty-seven  to  fifty-eight 
*'  pounds  is  by  no  means  rare.  The  produce  ranges  from 
"  thirty  to  sixty  bushels  per  acre,  thirty-six  being  about  the 
**  average."* 

Mr.  Mechi,  when  showing  me  over  his  feum  many  years 
ftgOf  pointed  out  the  difference  between  wheat  and  barley,  if 

Elanted  properly,  with  very  small  quantities  of  seed.  In  1861 
is  crop  of  barley,  sown  with  six  pecks  per  acre,  produced  five 
quarters  per  acre,  was  very  fine  and  good,  and  realised  52s. 
per  quarter.  His  neighbour,  upon  sinnlar  land,  sowed  three 
bushels.  This  produced  the  same  quantity,  but  of  a  quality 
unfit  for  malting,  and  it  was  sold  to  a  miller  for  37s.  6d.| 

Sir  John  Anstruther  verified  this  by  sowing  3  bush.  5  gal. 
per  acre  broadcast,  and  reaped  36  bush.  5  gal.,  whilst  1  bush. 
3  gal.  drilled  gave  56  bush.  3  gal.  per  acre,  t 

For  malting  purposes  the  fine,  full,  well-developed,  bright 
grain  is  always  considered  best,  and  it  stands  to  reason  that 
with  sparse  planting  the  development  of  each  plant  can  be 
more  perfect,  as  sufficient  space  is  given  it.  In  wet  sea- 
sons  an  additional  advantage  is  derived  from  this  sowing  by 
the  greater  strength  of  the  straw  and  the  free  play  of  the  sun 
and  air  between  the  stems.  Laying  of  the  com,  and  conse- 
quent germination,  is  also  prevented,  and  mildew  is  unknown. 

By  long  experiment  Mr.  Mechi  proved  that  for  his  land  and 
style  of  farming  six  pecks  per  acre  were  always  sufficient,  and 
generally  too  much.  The  usual  quantity  of  seed  now  used  is 
from  three  to  four  bushels  per  acre  broadcast,  and  two  and 
a-half  to  three  and  a-half  wnen  drilled.  Some  feirmers  say 
that  a  larger  amount  of  seed  prevents  improper  tillering  and 
unequal  ripening. 

It  has  been  often  stated  as  proved  that  barley  repeatedly 
sown  in  a  light  dry  soil  becomes  early  ripe,  and  that  sown 
on  heavy  moist  land  late  ripe,  though  originally  the  same  seed. 

*  £nc.  Brit.  1876.  f  J.  J.  Mbokz,  Profitable  Farming,  p.  180. 

}  Papert  Bath  Soc.  vol.  iii.  p.  364. 
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It  is  not  generally  suspected  by  maltsters  that  the  chief 
harm  of  iiregularly-npened  grain  arises  from  the  difficulty  of 
making  over-ripe  ^ain  grow ;  yet  it  is  so,  for  Lauenstein  has 
shown  that  over-npe  barley  lost  53  per  cent,  of  its  germinative 
capacity. 

Barley  erown  upon  rich  aUuvium  in  river  vaUeys,  is  well 
known  to  be  undesirable  when  malted,  in  consequence  of  the 
excess  of  gluten,  which  such  com  almost  invariably  contains. 

The  plan  is  very  frequently  adopted  of  feeding  roots  off 
with  sheep,  folding  them  upon  the  whole  field,  piece  by  piece. 
Although  the  ground  may  be  ploughed  directly  each  piece  is 
left  bare,  to  "  seal  in  "  the  droppings,  and  prevent  the  escape  of 
their  volatile  portions,  care  should  be  taken  that  the  whole 
area  be  planted  at  one  time. 

Some  recommend  that  the  seed-corn  should  be  steeped  for 
24  hours  prior  to  drilling,  if  planted  late,  but,  as  barley  can 
safely  stand  frost,  there  is  httle  excuse  for  late  sowing.  It 
ought  ever  to  be  borne  in  mind,  both  by  farmers  and  maltsters, 
that  the  value  and  quantity  of  the  starch  of  barley  is  to  a  large 
extent  ruled  by  the  duration  of  the  growth  of  the  plant. 

If  barley  foUow  wheat,  then  three  good  ploughings  at  least 
ou^ht  to  l>e  given.  Freedom  from  weeds  is  a  very  important 
pomt  throughout  all  the  growth.  Barlejr  following  wheat 
favours  weeds,  and,  consequently  (coupled  with  other  reasons), 
many  farmers  object  to  the  practice. 

Barley  following  beans  is  still  worse  for  harbouring  weeds. 

Barley,  when  standing,  is  subject  to  smut,  burnt-ear,  blight, 
mildew,  and  to  the  ravages  of  numerous  insect  pests.  All 
these  evils  combined  in  the  worst  forms  do  not  affect  the  value 
of  the  growth  of  barley  so  much  as  a  wet  and  treacherous 
harvest. 

Too  much  care  cannot  be  given  to  the  securing  and  stacking 
of  the  crop  when  fit  to  cut.  It  is  of  course  impossible  to  have 
each  ear  of  a  whole  field  of  the  same  degree  of  maturity.  This 
is  especially  difficult  if  the  fields  be  small,  surrounded  with 
high  hedges  fall  of  timber.  Hence  we  so  frequently  find  it 
insisted  upon  that  barley  should  be  grown  in  wide,  open, 
hedgeless  plains. 

8o  soon  as  the  great  bulk  of  the  crop  upon  any  given  area  is 
ripe  it  should  be  cut.  Over-ripeness  is  more  to  be  guarded 
against  by  the  maltster  than  premature  cutting,  for  the  one  is 
difficult  of  detection,  the  other  is  perceptible  at  a  glance. 

The  Scotch  plan  of  cutting  with  the  sickle  is  much  to  be 
preferred  to  mowing  with  scythes,  or  the  still  worse  plan  of 
cutting  close  to  the  ground  with  a  machine.  It  is  very 
customary  to  grow  clover  or  grass  with  barley.  When  the 
barley  is  ripe  this  undergrowth  is  frequently  green,  and  ftiU  of 
sap.  The  greater  the  total  of  moisture  present,  the  longer 
period  has  to  be  allowed  for  drying,  running  the  chances  of 
rain,  and  increasing  the  risk  of  the  stack  heating. 

Bain  spoils  the  appearance  of  barley  almost  at  once ;  two  or 
three  consecutive  wet  days  will  start  germination  in  the  ear. 
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One  of  the  usual  effects  of  much  rain  during  harvest  is  heat 
in  stacks.  When  any  heat  is  generated,  it  commonly  happens 
that  it  is  sujfficiently  great  to  give  such  indications  to  a  maltster, 
that  he  does  not  attempt  to  use  the  barley,  and  it  goes  to  the 
miller.  To  an  experienced  buyer  the  characteristics  of  mow- 
biuiit  or  rick-burnt*  barley  are  so  clear  that  very  rarely  is  such 
a  buyer  deceived.  When,  however,  a  stack  gets  just  sufficiently 
heated  to  destroy  the  vitality  of  the  germ,  and  cools  again 
before  any  marked  discoloration  of  the  ends  of  the  kernels,  or 
taint  is  communicated,  even  the  most  experienced  are  deceived, 
if  their  judgment  upon  the  growing  power  of  barley  be  formed 
by  the  ordinary  modes  of  examination.  The  heat  in  stack  that 
cannot  be  exceeded  with  safety  is,  at  the  utmost,  130°.  A 
small  and  very  narrow  stack  may  get  nearly  so  hot  for  a  short 
time,  but  cooling  speedily,  the  barley  would  be  greatly 
damaged,  and  yet  show  no  sign,  for  the  scent  would  be  sound, 
the  sun  would  be  fairly  bright,  and  the  germ  would  apparently 
retain  vitality. 

It  should  be  made  imperative  upon  farmers  to  form,  in  every 
barley-stack,  sufficient  vent-holes  to  give  proper  ventilation  and 
air.  It  is  a  simple  and  costless  thing  to  do,  and  in  wet  seasons 
would  imnrove  the  quality  of  millions  of  quarters  of  com.  In 
no  case,  also,  ought  barley-stacks  to  be  made  wide. 

All  barley  is  improved  by  heating  moderately  or  "  sweating  " 
in  stack.  Some  old  maltsters  go  so  far,  as  positively  to  refase 
samples  at  any  price  which  have  not  so  sweated,  and  been 
stacked  at  least  a  clear  month.  Barley,  when  purchased  by 
maltsters,  has  always  been  threshed  from  the  straw,  and 
separated  from  the  awns.  The  old  plan  of  hand-  or  flail- 
threshing  has  almost  entirely  disappeared.  The  com  is  now 
Eassed  through  a  threshing  machine  twice,  or  if  a  hummeller 
e  used,  then  it  is  threshed  and  hummelled,  or  in  some  cases  the 
grain,  after  threshing,  is  spread  upon  a  bam  floor,  and  rolls  or 
some  other  implement  fitted  with  blunt  knives  moved  about 
upon  it  until  all  awns  are  broken  off,  when  it  is  passed  through 
some  form  of  fan,  or  winnowing  machine,  and  is  ready  for  use. 
A  good  crop  of  barley  yields  about  a  ton  each  of  straw,  and 
grain  per  acre. 

The  influence  of  season  upon  barley  is  great ;  were  it  other- 
wise, a  maltster  need  not  be  in  possession  of  much  skill.  In  the 
absence  of  scientific  attainment,  lengthened  practical  experience 
confers  an  amount  of  skill,  that  enables  a  sensible  man,  with  a 

food  memory,  to  produce  fairly  satisfactory  results  year  by  year. 
Fnfavourable  summers  and  bad  harvests  often  occur,  and  the 
experience  acquired  one  season  enables  an  observant  man  to 
meet  many  oi  the  ordinary  difficulties  vdth  very  fair  success. 

Bad  summers  affect  prices  directly.  The  general  average 
price  of  barley  may  not  be  greatly  raised,  but  good  malting 
sorts  may  rise  10s.,  or  even  20s.,  per  quarter. 

Indirectly,  a  bad  summer,  and  especially  a  bad  harvest  time, 
will  almost  invariably  cause  such  defects  in  barley  that  the 

*  Also  termed  *'  goth^bant  *'  in  porta  of  East  AagliA. 
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production  of  really  good  malt  is  impossible.  The  difference 
m  price  may  not  be  very  great  if  viewed  from  the  standpoint  of 
first  cost,  but  the  deficiency  of  extract,  and  the  inferior  quality 
of  the  wort  produced,  add  largely  to  the  actual  loss  to  the 
brewer. 

After  barley  is  cut,  rain,  even  in  small  quantity,  is  productive 
of  mischief.  Old  maltsters  are  of  opiniop,  however,*  that  night- 
dews  are  very  beneficial  in  mellowing,  and  causing  the  com  to 
come  on  for  malting  much  sooner  than  if  it  is  carried  without 
such  damping.  Barleys  that  have  not  had  the  advantage  of 
night-dews  will  not  work  evenly,  or  make  tender  malt,  before 
January. 

Dr.  W.  Schultzet  states  that  grain,  subject  in  the  field  to 
repeated  wetting,  suffers  from  premature  germination,  the 
extent  of  movement  of  the  acrospire  depending  upon  the 
duration  and  severity  of  the  wettings  and  temperatures,  &c. 
In  his  experience  he  has  found  that  barley  so  grown  does  not 
invariably  malt  badly,  sis  in  one  parcel  containing  61  per  cent, 
of  germinated  com  he  found  upon  malting  it  that  95*15  per 
cent,  grew  satisfactorily,  and  he  arrived  at  the  conclusion  that 
barley  having  grown  corns  mixed  with  it,  should  not  be  rejected 
by  maltsters  until  the  number  of  such  corns  actually  dead  be 
determined. 

This  gentleman,  after  exhaustive  experiment,  has  also 
decided  that  colour  of  barley  is  no  certain  criterion  of  its 
germinating  power,  as  he  has  found  very  light  coloured  barley 
will  not  all  grow,  and  that  black  and  red-tipped  corns  some- 
times grow.:^ 

Thb  Influence  op  Manures  upon  Bablby. 

The  wishes  of  brewers  and  maltsters  have  considerable 
influence  upon  the  proceedings  of  farmers  in  cultivating  barley. 
It  is,  therefore,  qmte  as  well  for  maltsters  to  recognise  the 
importance  of  the  subject  of  the  direct  influence  of  manures 
upon  barley  and  malt,  which  is  probably  equal  to  the  other 
two  chief  factors  of  success,  viz.,  soil  and  climate. 

Nearly  all  farmers  are  agreed  that  the  right  rotation  of  crops 
is  barley  after  roots.  Professor  Tanner  §  disputes  this,  asserting 
that  wheat  following  roots,  succeeded  by  barley,  is  best.  There 
is  probably  much  truth  in  his  contention,  as  nearly  all  experts 
are  agreed  that  it  is  better  for  barley  if  manure  of  a  highly 
nitrogenous  nature  be  avoided. 

The  reason  for  this  divergence  of  opinion  lies  upon  the  sur- 
face. Barley  flourishes  best  in  the  farmers'  interest  upon  land 
well  tilled  and  heavily  manured,  for  it  grows  strongly,  and 
produces  heavily.  Such  barley  is  not  best  for  the  brewer,  for 
It  has  too  high  a  per  centage  of  non-albuminous  nitrogenous 

*  LsvBSQRJX.    The  Art  of  Brewing  and  Fermenting  and  Making  Malt.    4th  ed. 
1847. 
t  ZtiUehr.fur  dot  getammte  Brauweten.  %  See  also  my  experiments,  p.  63. 

i  B^,  Brit,  Anoe,  tar  1857,  p.  206. 
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matters.  If  the  rank  growth  of  straw  has  led  to  considerable 
laying  of  the  ripening  com,  then  other  grave  evils  follow,  such 
as  staining,  imperfect  ripening,  uneven  growth  of  the  grain, 
deficiency  of  starch,  and  other  defects  enumerated  later. 

Some  farmers  assert  that  no  manuring  is  so  efficient  or 
economical  as  July  ploughing. 

The  question  has  much  light  thrown  upon  it  by  the  following 
extracts : — 

Buckman*  states  that  in  six  plots  of  Peruvian  barley 
succeeding  swede  turnips,  manured  with  different  manures, 
he  could  trace  no  difference  in  the  barley. 

Sir  J.  B.  Lawes  writes  in  his  .report  of  the  Bothamsted 
experiments,  1883,  as  follows : — 

''  Looking  at  the  character  of  the  seasons,  as  also  at  the 
general  character  of  the  crops  grown,  I  do  not  think  that  we 
shall  be  very  far  wrong  in  placing  the  unmanured  produce, 
when  the  experiment  was  commenced  in  1852,  at  from  27  to 
28  bushels  per  acre ;  but  when  we  come  to  the  other  end  of 
the  period  it  is  not  so  easy  to  fix  upon  a  precise  figure  in 
consequence  of  the  seasons  having  varied  very  much  in  their 
character.  In  1878  the  produce  of  the  unmanured  land  was 
not  quite  ten  bushels  per  acre,  and  in  1879  it  was  only  seven 
bushels  per  acre ;  but  in  1880  and  1881  it  was  respectively 
19^  and  16f  bushels  per  acre.  I  may  mention  that  the 
season  of  isiso  was  one  of  great  abundance,  so  far  as  the 
barley  crop  was  concerned ;  one  of  our  experiments,  indeed, 
gave  the  very  large  produce  of  65  bushels  to  the  acre.  It  is, 
of  course,  of  great  advantage  having  a  large  number  of 
experiments  with  various  manures  which  are  never  changed, 
as  it  enables  us  to  form  a  better  judgment  with  regard  to  the 
general  character  of  each  season. 

*'  The  mean  produce  of  the  last  four  years  of  the  unmanured 
barley  gives  13  bushels  to  the  acre ;  and  I  am  disposed  to 
adopt  this  amount  as  the  probable  yield  of  the  land  at  the 
present  time.  This  is  about  the  same  produce  as  that  grown 
upon  the  continuously  unmanured  wheat  land ;  but,  at  the 
same  time,  the  reduction  in  the  yield  has  been  considerably 
more  rapid  than  in  the  case  of  the  wheat,  as  in  the  course  of 
thirty  years  the  decline  from  the  original  produce  of  1852 
amounts  to  one-half.  That  barley  grown  continuously 
without  manure  should  decline  in  produce  more  rapidly  than 
wheat,  is  exactly  what  we  should  expect  when  we  consider 
the  different  character  of  the  two  plants.  In  this  country 
wheat  is  sown  in  the  autumn,  and  barley  in  the  spring; 
the  wheat,  therefore,  has  several  more  months  than  the 
barley,  during  which  it  can  collect  its  food ;  and  the  tendency 
of  the  wheat  plant,  moreover,  is  to  send  its  roots  into  the 
subsoil,  while  the  barlev  feeds  very  close  to  the  surface.  The 
best  proof  we  have  of  the  distinction  between  the  two  plants 

*  Jdum,  Bath  and  Wett  rf  EngUnd  Soe.  1881,  pp.  6i— 63. 
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is  to  be  found  in  the  respective  action  of  phosphate  npon  each 
of  them.  The  average  increase  of  barley  by  the  application  of 
superphosphate  has  been  six  bushels  per  acre  over  thirty 
years ;  while  upon  the  wheat  its  action  has  been  very  slight— 
a  fact  which  proves  that  the  latter  plant  could  find  a  sufficient 
supply  in  the  deeper  layers  of  the  soil.  A  few  days  ago  a 
gentleman  who  had  spent  a  long  life  in  South  Australia,  while 
looking  over  my  experiments,  seemed  more  interested  in 
these  unmanured  crops  than  in  any  of  the  others.  My  visitor 
had  been  dreading  the  exhaustion  of  their  soils,  but,  after 
what  he  saw  at  Bothamsted,  said  that  he  should  return  to 
the  colony  reassured  on  this  point,  especially  when  he  found 
that,  after  all  our  efforts  to  exhaust  the  soil,  it  still  retained 
the  greater  bulk  of  its  fertilising  ingredients. 
"  At  the  present  time  the  produce  of  our  continuous  wheat 
(which  has  received  no  manure  for  forty  years),  is  from  10 
to  13  bushels  per  acre;  and  we  have  estimated  that  the 
average  annual  decline  has  amounted  to  about  one  quarter  of 
a  bushel,  or  about  15  pounds  of  grain  and  25  pounds  of  straw 
to  the  acre.  In  the  future,  however,  the  decline  will  not 
continue  at  the  same  ratio,  but,  on  the  contrary,  it  will  be  far 
less  rapid,  as  the  supply  of  nitrogen  in  the  rainfall  and  the 
very  seed  which  we  sow  will  bear  with  each  decline  an 
increased  proportion  to  the  whole  crop  grown." 


Experiments  at  Bothamsted  have  shown  that  the  yield  of 
barley  is  much  more  readily  influenced  by  artificial  application 
of  manure  than  wheat.  These  have  been  confirmed  at  an 
estate  of  the  Duke  of  Bedford's  at  Wobum.  The  experiments 
lasted  seven  years,  and  the  following  table  shows  the  yields  of 
barley,  sown  after  roots  had  been  consumed  on  the  land  by 
sheep,  which  gave  the  following  produce  in  head  and  tail 
com: — 


Yield  of  Barley  per  Acre,  Grown  after  Boots, 


Tew. 

After  roots  from 

oottoo-<iake  dting. 

Tbe  barley  not 

xnaniured. 

After  roots  from 

maize-meal  dung. 

Thebaiieynot 

manured. 

After  rooti  from 

equivalent  to  cot- 
ton-cake dnng.  The 
barley  alao  top- 
dzeesedwitharti- 
floialB. 

After  roots  from 
artifldal  manure 

eqxuTalrat  to 
maxae-meal  dnng. 

The  barley  not 
manured. 

1878  . . 

1879  . . 

1880  .. 

1881  .. 

1882  .. 

1883  . . 

Bnabels. 
41-3 
380 
41-3 
60*6 
61-3 
64-4 

Buflhela. 
38-8 
40*6 
370 
47-3 
481 
60*0 

BuehelB. 
61-4 
46-7 
41-0 
610 
46*6 
60-6 

Bushels. 
36-4 
32*8 
33-4 
61-0 
46-3 
67-8 

ATenffB  \ 
of  8ix| 
yeazB  ' 

46-1 

46-3 

49-3 

42*9 
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Yield  of  Wheat  per  Acre,  Orovm  after  Seeds. 


Tear. 

After  seeds,  sheep- 
gTBsed  wifh  cotton- 
cake. 

1 

After  seeds,  sheep- 

grased  with  maase- 

meal. 

After  seedik  sheep- 

Riaaedwithno 

added  food.    The 

wheat  top-dressed 

with  artifldal 

to  cotton-cake. 

After  seeds,  sheep- 

nased  withno 

added  food.    Hie 

wheat  top-dressed 

with  artffldal 

to  maiz&^neal. 

1878     . 

Bushels. 
410 

Bushels. 
43-6 

Bushels. 
60*6 

Bnshels. 
39*4 

1879     . 

39*8 

40*0 

42-7 

41*7 

1880     , 

22-0 

26-2 

21-9 

261 

1881 

66-4 

67-4 

68-9 

66*3 

1882     . 

42-8 

43-3 

42*4 

461 

1883     . 

46*1 

46-2 

44*6 

46*4 

AYoraffe\ 

of   BIX 

yeazB  * 

41*6 

42*8 

43-6 

42*3 

Messrs.  Wagner  and  Eohn*  published,  in  1879,  the  results  of 
a  series  of  experiments  on  barley  raised  from  land  treated  with 
various  manures,  as  follows  (reduced  to  English  weights) : — 

I  have  preferred  retaining  the  ascertained  weights  of  grain 
to  converting  them  into  measures  of  an  assumed  gravity. 


Msanre  in  lbs.  per  acare. 

None — soil  mere  sand 

17*8  Nitrogen  in  Chilian  nitre 

44*6  Solnue  phoephoric  acid 

17*8  Nitroffen  aa  aboTe+44'6  aoluUe  ^hociphotic  acid 
44*6  Fhoapnorio  acid  in  freshly-precipitated   caldo 

phosphate+17*8  nitrogen  aa  above    . . 
44*6  SolnUe  phosphoric  acid+ 38*36  inaoluble  ditto  in 

phoephorite-h  17*8  nitrogen  aa  above . . 
31*2  Soluble  phosphoric  aoid+26'76  insoluble  ditto 

in  phoiphorite+17*8  nitrogen  aa  above 
44*6  SolubiB  pnoephorio  aoid  on  potaaaio  phosphate 

-|- 17*  8  nitrogen  . .         •• 


Yields  of 
grains  in  lbs. 

3492 
4709 
4076 
4746 

Straw 
in  lbs. 

3362 
4361 
4006 
4388 

4996 

4668 

6326 

4791 

6048 

4773 

6603 

6797 

*  Centralblattjur  AgrikuUur^ChemUj  1879,  pp.  616-619. 
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CHAPTER  Vin. 
BABLE7  (continued). 

Barley: — 
GharacteriBtics,  esBential,  non-essential.  Description  of  Barley.  Vitality. 
Tests  for  yitali^.  Skin  test.  lUre  test.  Water  test.  (Growing  tests. 
Acid  teeft  Age.  Condition.  Coloor  of  flonr.  Steeliness.  Ooldness.  Humi- 
dity. Age.  Monldinees.  Dirtiness.  Weevil  -  bittenness.  Brokenness. 
Awns.  Stacking.  Maturity ;  immatnre,  ripe,  and  over-ripe  com.  Odonr. 
Size.    Weight.    Uniformity.    Oolonr.    Appearance  of  skin. 

The  Chabactebistics  of  Bablet. 

Owing  to  the  nmnerous  varieties  of  barley,  it  is  most  difficult 
to  convey  correct  ideas  of  the  characteristics  distingaishing  it. 
The  fallest  and  most  elaborate  compilation  of  every  expressed 
featnre  can  be  at  the  best  bat  an  aid  to  practice.  The  positive 
experience  derived  from  buying,  selling,  and  working  barley 
can  in  very  few  individuals  cover  so  wide  an  area  as  that  which 
is  derived  from  many  minds  and  authors.  Hence  the  most 
practical  may  derive  some  benefit  from  the  observations  of 
even  mere  theorists.  High  theory,  combined  with  exceptional 
and  extensive  practice,  enables  the  following  results  to  be 
arrived  at.  For  malting  purposes,  I  prefer  to  grou^  the 
qualities  of  barley  as  under — ^four  essentials,  and  six  desirable 
non-essentials : — 

Four  essentials  of  barley  needed  to  make  superfine  or  first- 
class  malt: 

1.  Vitality; 

2.  Condition  (good) ; 

3.  Maturity; 

4.  Odour  (good).  • 
Six  desirable  non-essentials : 

1.  Size; 

2.  Weight; 

3.  Uniformity; 

4.  Colour; 

5.  Appearance  of  skin ; 

6.  Age. 

Malt  can  stand  the  most  severe  test  of  use  which  is  perfect 
in  the  first  four  essentials,  even  if  it  be  lacking  in  one  or  more 
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of  the  six  non-essentials ;  bnt  any  malt  which  is  perfect  in  every 
other  particular,  but  lacks  only  one  of  the  four  essential  quahties, 
cannot  be  rightly  called  first-class,  nor  can  reliance  he  placed 
upon  the  beer  brewed  from  it. 

In  selecting  a  sample  of  barley,  attention  may  be  given  to 
the  percentages  present  of  broken  or  damaged  kernels,  seed, 
other  grain,  dirt,  &c.  The  presence  of  these  things  chiefly 
affects  the  cost ;  and  thev  are  all  defects  easily  removed,  and 
appertain  to  condition.  All  previous  writers  have  placed  the 
greatest  stress  upon  weight,  regarding  it  as  the  prime  character- 
istic of  good  barley ;  but  my  own  experience  has  not  confirmed 
this.  For  the  production  of  superfine  malt,  vitality,  condition^ 
maturity,  and  odour,  all  take  precedence  of  weight  in  any 
sample.  Weight,  colour,  size,  and  uniformity  are  all  undoubtedly 
good  points ;  but  thev  are  not  essential  to  the  production  of 
really  choice  malt,  wnen  weighed  or  tested  by  results  three 
months  after  use.  I  cannot  but  regard  vitality  as  of  the  first 
importance.  Given  two  samples,  one  of  which  has  every 
kernel  capable  of  growing  properly,  or  the  other  superior  in 
weight  and  colour,  out  with  five  per  cent,  of  idle  corns,  and  I 
should  unhesitatingly  choose  that  sample  upon  the  growth  of 
which  I  could  depend. 

By  vitality  is  meant  not  only  the  simple  power  of  growing, 
but  of  developing  rootlets  and  plumule  strongly  and  regularly. 

The  word  condition  signifies  or  embraces  the  following  good 
qualities : — 

Softness  or  mealiness ; 
Colour  of  endosperm ; 

and  also  the  following  bad  characteristics : — 

Steeliness,    hardness,    vitrifaction,    hominess,    flintiness, 

glassiness,  coldness,  humidity ; 
A|[e  (nositive),  reckoned  in  months  or  years ; 
Moulainess,  whether  derived  in  field,  stack  or  granary ; 
The  ravages  of  insects,  or  vermin  ; 

Dirtiness,  or  the  j^resence  of  other  bodies,  stones,  dirt,  &c,; 
The  damages  arismg  from  reaping,  threshing,  hummeUing, 

and  dressing,  upon  germ  or  kernel ; 
The  presence  or  absence  of  awns:  if  present,  to  what 

extent :  if  absent,  to  any  detrimental  closeness ; 
The  stacking  influences,  apart  from  colour,  odour,  and 

vitality,  and  the  influences  derivable  from  proper  or 

imperfect  sweating. 

Maturity  is  distinct  from  the  age  of  condition,  and  refers  to 
greenness,  ripeness,  or  over-ripeness. 

Uniformity  embraces  size  (relative  not  positive),  freedom 
from  other  grains  or  seeds,  and  also  uniformity  of  age  (relative), 
or  freedom  from  mixture  of  differing  growths. 

Prior  to  entering  upon  a  practical  consideration  of  these 
numerous  characteristics,  many  of  which  have  never  before 
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been  tabulated,  it  is  necessary  to  look  somewhat  closely  into 
the  stractnre  of  the  grain,  as  revealed  by  its  dissection. 

The  Structure  of  Barley. 

A  barley-corn,  split  longitudinally  and  magnified,  presents 
the  appearance  shown  by  Fig.  3.  A  cross-section,  at  the  line 
A  B,  Fig.  3,  gives  us  the  appearance  presented  by  Fig.  3a. 

The  first  glance  at  these  sections  irresistibly  attracts  atten- 
tion to  the  relative  importance  of  the  germ  and  skins,  and 
points  to  the  large  percentage  they  represent  of  the  sum  total 
of  the  grain,  which,  in  common  with  other  grain,  is  popularly, 
but  incorrectly,  regarded  as  a  seed.  It  is  in  truth  a  single- 
seeded  fruit,  the  external  membrane  of  which  is  closely 
adherent  to  the  seed  proper,  without  the  intervening  pulp  of 
what  is  commonly  termed  fruit. 

It  is  slightly  attached  to  the  husk  (or,  in  naked  varieties,  to 
the  spindle  of  the  ear)  by  the  lower  end,  a  longitudinal  furrow 
marking  the  interior  side  of  the  grain,  while  the  exterior  side  is 
distinguished  by  the  prolongation  of  the  glume  into  an  awn. 

The  outer  coat  of  the  grain  consists  of  the  palece  or  valves, 
separable  with  ease  after  steeping.  They  are  found  to  consist 
of  three  layers  of  cells,  each  different  in  form,  flat,  oval,  and 
elongated.  Under  the  palece  is  the  testa  or  shell,  consisting  of 
the  pericarp  and  the  skm  or  true  coat  of  the  grain. 

The  endosperm,  or  starch-body,  forms  the  bulk  of  the  grain, 
and  consists  principally  of  starch  cells,  but  is  surrounded  by  a 
continuous  layer  of  smaller  cells  containing  gluten,  or  other 
nitrogenous  compounds. 

The  germ  (presenting,  under  high  microscopic  power,  the 
structure  of  the  future  plant)  is  situated  at  tne  lower  end  of 
the  grain  on  the  exterior  side. 

The  lobe  (scutelltim)  of  the  germ  forms  a  broad  flat  plate  on 
the  lower  surface  of  the  endosperm;  between  this  and  the 
inner  surface  of  the  testa  is  the  plumule  (destined  to  be  the 
future  stem,  &c.),  and  the  radicle  or  embryonic  root.  The 
plumula  shows  four  leaves  enclosing  the  central  stalk  ;  the 
radicle  has  four  or  five  branches,  and  Doth  plumule  and  radicle 
are  enclosed  in  sheaths,  which  they  must  rupture  in  course  of 
development,  in  addition  to  the  exterior  coats  of  the  grain. 

The  most  important  factor  in  the  consideration  of  the  value 
of  barley  is  its  composition,  which  is  only  approximately 
ascertained  by  even  the  most  elaborate  analysis,  but  the 
results  of  any  analysis  are  of  considerably  more  value  than  the 
shrewdest  guessings  prompted  by  practical  experience  alone. 

Practical  Consideration  of  Barley,  with  Tests  for 

Defects. 

The  order  in  merit  of  the  qualities  of  barley  for  malting  hsus 
been  already  given  (see  page  79).  Adhering  to  that  order,  we 
have  first  to  consider  vitahty. 


84  MALT  AND  MALTING. 

I. — ^Vitality. 

To  the  very  experienced  and  skilful  eye,  vitality,  in  common 
with  many  other  of  the  characteristic  qualities  of  barley,  is 
capable  of  being  more  or  less  promptly  determined ;  and  also 
the  commercial  value  of  the  paxticular  sample  mider  inspec- 
tion. On  few  other  points  than  vitality,  however,  can  the 
experienced  judge  be  so  readily  led  sustray.  This  arises,  doubt- 
less, from  the  mdifference  usually  felt  by  maltsters  as  to  the 
perfect  germination  of  the  malt  made.  More  attention  is 
usually  given  to  weight,  colour,  and  condition,  though  it  is 
obvious  that  these  qualities  are  of  less  moment.  UntU  very 
recently  brewers  have  been  content  with  malt  containing  con- 
siderable percentages  of  unmalted  grain,  but  such  contentment 
is  destined  to  pass  rapidly  away. 

Uponthevitalityof  barley  depends  the  growth  ;  consequently 
differences  of  vital  force  of  germ  extend  throughout  the  whole 
period  of  germination,  unless  means  be  taken  to  foster,  or 
retard  growth,  according  to  circumstances. 

The  vitality  of  barley  prior  to  steeping  is  influenced  in  the 
following  manners : — 

Imperfection  of  growth  arising  from  varied  causes  prior  to 
ripenm^ ; 

Incipient  germination  in  ear,  shock,  or  ground,  occasioned 
by  wet  in  harvest  (com  which  has  once  started  rarely  grows 
again) ; 

Death  of  germ,  caused  by  over-heating  in  stack,  stagnation, 
or  improper  storas^e  in  granary,  and  too  high  heat  in  kiln 
when  sweating ;  destruction  by  weevil,  corn-worm,  or  grain- 
moth,  partial  or  total  destruction  by  threshing  machine, 
hummeller,  spades,  boots  of  workmen,  or  other  agency ; 

Loss  of  vitahty  through  age,  drowning  in  cistern,  or 
excessive  cold. 

Barley  does  not  readily  grow  after  the  second  year,  no  matter 
how  much  care  may  have  been  given  to  its  storage.  Too 
lengthened  steep  practically  drowns  weak  kernels. 

Frequently  barley  is  found  to  grow  badly  immediately  after 
harvest,  and  to  improve  as  spring  approaches.  Samples  which 
have  never  been  properly  stacked  suffer  in  this  respect  very 
considerably.  By  actual  test  it  has  been  proved  that  com  of 
which  only  30  per  cent,  grew  in  autumn,  so  many  as  98  per 
cent,  grew  in  the  following  spring. 

M.  de  Saussure,*  in  1826,  instituted  an  elaborate  series  of 
experiments  on  the  degree  of  drought,  which  germinated  grain 
could  endure,  without  final  loss  of  vitality.  Parley,  of  which 
the  radicles  were  as  long  as  the  grain,  and  the  plumule  nearly 
free  of  the  husk,  was  kept  for  some  days  at  OS"",  and  then  for 
two  months  at  60*,  but  revived  on  being  placed  between  damp 
sponges  for  eight  days.  At  an  earlier  stage,  when  the  radicles 
were  but  half  as  long  as  the  grain,  it  survived  an  additional 
month  in  vacuum  over  sulphuric  acid.    Whilst  germinated 

•  Mim.  Soe.  Phy9.  Hut.  KM.  Genhe,  t.  Ui.  pt.  2,  pp.  1—28  [1826] . 
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barley,  even  after  two  months'  slow  drying,  was  killed  by  two 
hours  at  150°  Fahr. ;  ungerminated  barley  bore  207°  Fahr. 
without  injury,  but  required  longer  damping.  Wheat  and  rye 
in  the  earliest  stage  of  growth  survived  150°  Fahr.  The  test  of 
vitality  is  the  relative  loss  of  entire  grain  and  of  crushed  grain 
in  vacuum ;  grains  that  show  a  wide  difference  being  able  to 
withstand  drought  better  than  those  that  lose  moisture  from 
the  whole  grain  as  quickly  as  from  the  crushed.  A  month  in 
vacuum  gave  the  following  results  with  barley : — 

Meal  lost  11*94  per  cent. ;  whole  grain  6'8  per  cent. ;  chitted 
ditto  6*8  per  cent.  The  more  advanced  grains  require  longer 
damp  to  revive  them  :  the  rootlets  always  perish. 

Krasan*  states  that  wheat  thoroughly  dned,  by  very  gradual 
heating  with  help  of  calcic  chloride,  will  bear  212°  Fahr.  for 
several  hours  without  d3dng. 

Signer  Missaghit  has  pubhshed  experiments  proving  that 
grain  which  has  been  sufficiently  moistened  to  swells  has  its 
vitaUty  imperilled  if  not  destroyed. 

Two  quantities  of  wheat,  alike  in  all  respects,  were  taken, 
one  saturated  till  the  grain  swelled,  the  other  merely  wetted. 
Both  were  kept  for  six  months  in  pure  carbonic  acid  gas,  and 
then  sown;  the  swelled  grain  turned  brown  and  died,  the 
others  grew. 

Eberhardtit  finds  that  germinated  rye,  allowed  to  grow 
varying  periods  and  then  dried,  could  revive,  thus  : — 

Grew  18  hours       96  per  cent,  revived 

190  hours  seems  to  be  the  limit. 

Tests. 

The  majority  of  the  evils  that  produce  want  of  vitality  are 
capable  oi  instsmt  detection.  The  remainder  can  only  be 
determined  by  the  exercise  of  considerable  skill,  care,  and 
some  simple  test,  or  by  the  actual  test  of  enforced  germination. 

Incipient  or  partial  germination,  in  field  or  elsewhere,  may 
be  recognised  by  the  slight  development  of  the  cotyledon,  and 
the  soSiess  or  friability  of  the  end  corresponding  with  such 
development. 

If  the  growth  has  been  sufficient  to  develop  rootlets,  these 
will  be  readily  detected. 

The  death  of  germ  may  be  usually  determined  by  carefully 
removing,  with  the  thumb-nail  or  a  knife,  the  skin  of  the  end  of 
the  com  over  the  germ,  and  with  a  weak  lens  examining  it 
carefuUy.  If  aJive,  the  germ  has  a  juicy,  fairly  firm,  yeUow 
appearance,  very  closely  resembhng,  in  consistency  and  colour, 
good  firm  freshly-ehumed  grass  butter,  or  of  a  greenish-yellow 
colour,  very  like  wax.  Any  other  appearance  is  evidence  of 
some   defect.     Should  it   be  reddish  brown,  dark,  or  black, 

*  Chrni.  Cmtralblatt,  1873,  p.  755. 

t  Oaeg.  Chim.  Ital.  vol.  y.  pp.  418,  419  [1876]. 

X  Ch&m.  Cmtr.  1882,  pp.  320^322. 
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or  dried  and  shrivelled,  it  is  dead,  and  nothing  short  of 
gelatinisation  can  make  malt  of  it.  If  grey,  then  the  vitality 
is  low. 

Fire  Test, — Take  from  aclear  fire  a  large  good  red  cinder,  which 
should  be  kept  by  artificial  blast  at  an  uniform  heat,  place 
carefully  upon  it,  one  or  two  at  the  time,  kernels  of  the  sample 
being  tested.  If  the  corns  dance  about,  it  is  reasonable  to 
conclude  they  are  alive,  and  the  bulk  will  grow.  Those  that 
simply  cremate  in  a  passive  manner  are  dead,  and  the 
proportion  of  such  corns  rules  the  value  of  the  sample. 

Water  Test. — ^Drop  corns  individually  and  slowly  into  an  open 
dish  or  tiunbler  of  water.  Notice  carefully  the  mode  of  suDsi- 
dence  of  each  one.  Those  corns  which  wriggle  in  descending,  and 
exhibit  a  tendency  to  stand  up  in  any  way,  have  some  defect. 
Good  healthful  corns  fall  to  the  bottom  quickly  and  steadily, 
and  lie  evenly  and  horizontally.  This  test  is  considerably  used 
in  several  countries  of  Europe,  but  it  is  too  unreliable  to  be 
worth  the  trouble,  especially  as  it  is  at  times  entirely  wrong, 
for  a  disturbance  of  the  disposition  or  arrangement  of  the  starch 
cells  will  affect  the  action  of  the  com  in  water  to  a  greater 
degree  than  the  vitality  of  the  germ. 

Grotoing  Test. — The  most  decided  and  reliable  test  is  that  of 
enforced  growth.  This  is  effected  in  several  ways.  Some 
maltsters  take  a  sample  of  the  barley  under  test,  about  h^  a 
pint,  and  tie  it  up  loosely  in  a  small  oag.  This  is  then  placed 
m  the  cistern  with  a  full  steeping,  and  steeped  in  the  ordinary 
way.  When  it  commences  to  chit,  100  corns  are  counted,  and 
the  number  of  dormant  kernels  is  reckoned  the  percentage  of 
dead  corns. 

This  method  is  slow,  tedious,  and  unreliable,  for  many  corns 
that  eventually  grow  strongly  and  well,  appear  dead  for  a  week 
or  longer  if  steeped  in  this  way. 

Another  method  is  to  count  100  or  200  corns,  and  place  them 
in  flannel  on  a  plate  or  other  flat  dish,  and  put  them  in  soak 
for  24  hours ;  then,  drawing  off  the  water,  the  com  still  has 
power  to  absorb  the  moisture  retained  by  the  flannel,  and  gets 
free  access  of  air.  If  the  sample  is  kept  at  a  temperature 
exceeding  66°  it  will  chit  in  B6-50  hours.  It  is  important  to 
bear  in  mind  that  anv  temperature  exceeding  50°  affects  the 
^erminative  capacity  of  barley,  consejg[uently,  if  the  test-sample 
18  allowed  to  stand  m  a  warm  place  in  order  to  save  time,  the 
number  Rowing  may  be  considerably  less  than  the  number 
that  could  grow  at  lower  temperatures. 

Another  and  better  plan  is  to  place  the  com  in  a  layer  of 
moist  sand,  covered  with  wet  cloth  or  blotting  paper. 

Nobbe's  apparatus  is  better  still.    It  consists  of  a  tray  or 

Slate  of  lightly-baked,  very  porous,  clay,  studded  with  any 
efijiite  number  of  small  indentations  or  holes.  The  com 
placed  in  these  readily  absorbs  moisture,  and,  being  folly 
exposed  to  the  air,  grows  freely  and  quickly. 

The  Coldewe  and  Schoenjaim  apparatus  is  apparently  the 
most  effective  and  reliable  for  the  purpose  of  testing  vitality, 
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for  it  civ68  certain  indications  of  the  relative  vigour  of  coms, 
as  well  08  merely  deciding  the  qaestion  of  the  power  to  grow 
at  all. 

This  patented  arrangement  consists  of  a  small  glass  vessel, 
with  a  neck,  contracted  about  one  and  a-half  inches  from  the  top, 
which  receiTes  a  tray  of  porous  or  enamelled  porcelain.  This 
tray  has  100.  indentations,  capable  of  retaining  as  many  kernels 
of  barley.  This  is  sormoiuited  by  a  pad  of  felt  fitting  the  ^asa, 
and  attached  to  a  cross  wooden  oame,  to  which  is  also  affixed 
a  small  thermometer.  The  nse  is 
very  simple.  Any  sample  of  barley 
requiring  to  be  tested  is  placed  on 
the  tray ;  one  kernel,  with  the  germ 
downwards,  in  ea<^  hole.  The 
^ass  is  nearly  filled  with  water,  and 
the  tray  is  then  placed  on  the  ledge, 
or  indentation.  A  small  qnantity 
of  sand  is  placed  round  the  barley, 
and  is  wetted  with  water.  The  felt 
is  placed  over  all  to  prevent  undue 
evaporation,  and  it  is  left  in  any 
moderately  warm  place  for  the  com 
to  germinate.  The  temperature  is 
easily  ascertained  by  the  thermo- 
meter. As  soon  as  the  barlejjr  be- 
gins to  sprout  it  can  be  esommed. 
The  sluggish  corns,  and,  indeed, 
every  di^rent  quahty  of  grain,  is 
determined  at  a  glance.  If  retained 
for  a  few  days,  the  different  de- 
grees of  vitality  become  more 
clearly  marked.  Many  similar  plans 
and  contrivances  are  in  use  in  Ger- 
many and  elsewhere. 

Acid  Test.  —  All  the  preceding 
tests  require  at  least  24  hours  for 
practice,  and  most  of  them  consi- 
derably longer  time.  It  follows 
that  they  are  useless  to  a  buyer 
in  ordinary  com  markets,  and 
practically  of  little  use  to  maltsters  who  have  samples 
submitted  at  their  own  offices,  excepting  in  the  case  of 
foreign  cargoes,  or  very  large  bulks,  when  time  is  granted  for 
the  express  purpose  of  testing.  Haberlandt  discovered  a  process 
of  germ-investigation  of  great  utility  and  very  considerable 
accuracy.  Carefully  divide  a  com  longitudinally  into  two  even 
halves  with  a  sharp  knife.  This  division  spHts  through  the 
germ,  which  can  then  be  examined,  and  should  present  the 
appearances  already  indicated.  Should  there  be  the  least 
suspicion  that  it  is  not  perfectly  vigorous,  apply  one  drop  of 
concentrated  pure  sulphuric  acid."    In  a  very  few  minutes  a 

*  nte  abxppered-jtt  bottls  nsod  bj  iiuiienJogi«la  would  be  of  lue  for  this  purposs. 
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dead  germ  turns  nearly  black,  a  weakly  or  feeble  germ  becomes 
brown,  the  precise  tint  famishing  roughly  an  indication  of  its 
strength,  but  a  healthy,  vigorous  embryo  assumes  a  fair  rosy 
tint.  Bapid  as  is  this  mode  of  investigation,  it  nevertheless  is 
tedious  and  almost  impossible  to  practice  commonly  in  com 
markets,  where  sales  are  effected  by  the  plans  common  at  this 
time. 

The  greatest  age  at  which  barley  yegetates  is  stated  to  be 
three*  years.  Of  300  kernels  that  had  been  kept  for  three 
years  in  a  jar,  167  vegetated.  Of  300  preserved  in  wax  cloth, 
236  grew. 

The  following  table  only  faintly  indicates  the  indefatigable 
labour  bestowed  upon  the  investigation  of  this  subject  by 
Professors  Daubeny,  Henslow,  and  Lindley. 


Besult  of  experiments  condttcted  in  1841-1857  by  the  British 
Association  Committee  on  the  growth  and  vitality  of  seeds. 


Grain 

Age  in  Yean. 

Number  aown. 

Nnmber 
vegetated. 

Bange  of 
percentages. 

Barley 

1 

300 

266 

71-94 

»> 

3 

300 

167 

16-86 

f> 

3» 

300 

236 

63-90 

>> 

8 

300 

-^ 

— 

>f                • 

13 

300 

— 

— — 

>> 

16 

300 

— 

— 

*} 

60 

200 

—~ 

Muinmj 

P4000 

100 

— 

— 

Oats    .. 

1 

200 

180 

90 

»»      •  • 

3 

300 

237 

67-91 

»i      •  • 

3* 

300 

210 

41-96 

f»      •  •         • 

8 

200 

37 

13-24 

,,      1 . 

13 

300 

~— 

-^ 

•(      .  • 

16 

300 

-^ 

-^ 

Bye    . . 

1 

600 

466 

— 

„       . . 

3 

600 

4 

2 

•  •       .  • 

8 

600 

.^ 

.^ 

Wheat 

1 

200 

180 

82-98 

»» 

3 

300 

163 

33-86 

If 

3 

160 

116 

80 

i» 

8 

300 

139 

26-65 

i»              • 

3 

300 

140 

40-68 

»»              • 

8 

300 

_^_ 

_ 

>>              • 

9 

100 

_^ 

_ 

»i 

16 

160 

^,^ 

^_^ 

Hmnmj 

P4000 

100 

._ 

_^_ 

1 

300 

198 

9-98 

»f     •  • 

3 

300 

127 

24-69 

,,     . . 

8 

300 

_ . 

_ 

f»     •• 

13 

100 

_ 

— . 

„     . .         • 

16 

100 

1 

PeniTiaa  Tombs 

?2000 

12 

— 



If  sound  barley  is  carefully  dried  at  a  temperature  of  from 
120°  Fahr.  to  140°  Fahr.,  and  then  stored  in  a  dry  place, 
entirely  excluded  from  contact  with  the  air,  it  retains  the  power 

*  Prasexred  in  waxed  cloth. 
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to  germinate  for  12  years  or  even  longer.  Egyptian  barley, 
taken  from  the  ancient  tombs,  is  reported  to  have  grown  after  a 
bnrial  of  2,000  years  or  upwards.  This  statement  still  requires 
proof. 

It  is  usnaUy  desirable  to  carry  over,  each  spring,  sufficient 
kiln-dried  barley  to  last  for  October  and  November,  so  that  the 
new  com  may  have  time  to  mature  properly. 

II. — Condition. 

The  extended  definition  of  condition  embraces  so  much  that, 
if  my  rendering  of  its  meaning  be  accepted,  it  ranks  next  to 
vitaHty.  To  my  mind,  the  one  word  "  condition  "  covers  the 
whole  sphere  oi  the  following  characters  of  barley : — 

MeaJmess,  softness  of  starchy  portion  of  grain  (endosperm). 
Colour  of  endosperm,  as  distinguished  from  colour  of  skin, 

the  so-called  "  colour  "  of  barley. 
Steeliness,  hardness,  vitrifaction,  hominess,  fiintiness,  and 

glassiness.     Chiefly  synonymous  terms,  but  all  distinguish- 
able from  colour  of  flour. 
Coldness. 
Humidity. 

Age  (positive),  as  reckoned  in  months  or  years. 
Mouldiness,  whether  derived  from  field,  stack,  or  granary. 
Dirtiness,  occasioned  by  the  presence  of  dust,  dirt,  stones, 

strings,  metal,  or  other  rubbish. 
WeevU-bittenness.     The  ravages  of  insects  or  vermin. 
Brokenness.     The  damages  arising  from  reaping,  threshing, 

hummelling,  or  dressing  upon  germ  or  kernel.    Probably 

barley  is  more  broken  this  year  than  at  any  former  time 

(1884). 
The  presence  or  absence  of  awns ;  if  present,  to  what  extent ; 

if  absent,  to  any  detrimental  closeness. 
The    staclang    influences,   apart    from  colour,   odour,   and 

vitahty .     The  influences  derivable  from  imperfect  sweating, 

either  in  stack,  or  upon  kiln. 

Softness,  Colour,  and  Steeliness. 

A  com  of  barley,  when  bitten  or  cut  crosswise  in  the  centre, 
famishes  a  fair  index  of  some  of  the  phases  of  its  general 
condition.  If  the  endosperm  is  white,  friable,  or  mealy,  its 
composition  is  favourable  to  making  good  malt;  should  the 
colour  be  other  than  white,  it  furnishes  a  fairly  accurate 
indication  of  some  defect,  and  its  cause.  If  when  bitten  it  has 
a  bluish  cast,  similar  in  tint  to  skimmed  milk ;  or,  if  dirty, 
inclining  to  brown  or  yellow,  or  any  variation  of  red,  yellow, 
and  brown,  it  is  unkindly,  and  requires  special  care  and  skill 
in  making  up.  A  harsh,  hard,  brittle  kernel,  which  shows  a 
conchoidal  fracture,  indicates  an  excess  of  gluten  or  protein- 
substances.  Haberlandt,  Leuthold,  and  Holzner  regard  these 
indications  as  the  result  of  the  manner  of  growth,  and  arise 
from  the  starch -cells  being  too  closely  packed.     They  un- 
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donbtedly  prove  that  the  starch-cells  consist  of  imperfectly 
developed  and  small  granules  of  a  close,  dense,  stubborn  kind, 
and  all  such  com  is  best  left  unsteeped,  if  better  can  be  obtained. 
Some  people  assign,  as  one  reason  for  this,  the  growth  for 
many  consecutive  years  upon  the  same  soils  of  a  particular 
stocK  without  change  of  seed  com.  The  edges  of  the  grains  of 
barley  nearest  the  top  of  the  ear,  which  are  last  formed,  are 
often  the  most  vitreous.  Com  which  during  its  growth  has 
not  had  enough  moisture,  or  favourable  weather,  becomes  grey 
and  vitreous.  The  teeth  and  eyes  are  generally  sufficient  to 
determine  these  characteristics,  but  it  is  well  occasionally  to 
confirm  the  judgment  by  close  careful  inspection  of  such  com 
by  the  aid  of  a  good  microscope. 

Coldness  and  Humidity, 

Some  samples  of  barley  feel  cold  and  dead  to  the  hand. 
This  may  arise  from  three  causes. 

1.  Imperfect  ripening  or  immaturity. 

2.  Imperfect  or  insufficient  sweating  in  stack. 

3.  Betention  of  a  considerable  quantity  of  moisture. 

If  coldness  arises  from  immaturity,  corn  when  bitten  will 
have  a  dull  greenish  tint.  The  defect  arising  from  inadequate 
sweating  in  rick  is  comparatively  rare,  and  occasions  coldness 
in  most  cases,  when  it  is  found  that  it  is  not  caused  by  imma- 
turity or  damp.  That  which  is  caused  by  damp  is  made 
apparent  to  the  touch,  or  the  manner  in  which  a  com  yields  to 
the  teeth  when  bitten.  The  most  certain  method  of  ascer- 
taining this  last  is,  however,  by  exact  determination  of  the 
percentage  of  moisture  present.  This  is  readily  done  by  finely 
^nding,  and  accuratelv  weighing,  any  given  bulk,  placing  it 
m  an  air  bath  until  perfectly  dry,  and  again  weighing  the  dry 
com.  The  loss  gives  with  sufficient  exactitude  the  amount  of 
water  present  in  the  grain. 

The  humidity  of  grain  is  an  important  factor  in  prime  cost, 
especially  in  all  cases  where  the  barley  is  bought  by  actual  weight. 
It  necessarily  follows,  if  15  or  20  per  cent,  of  water  is  present, 
that,  as  it  nearly  all  disappears  in  malt,  it  represents  an  actual 
loss.  This  subject  will  be  taken  up  more  fully  when  con- 
sidering growth.  The  harm  to  condition  produced  by  moisture 
is  considerable,  as  all  damp  barleys  are  more  difficult  to  work. 
They  should,  however,  never  be  steeped  unless  they  have  been 
properly  sweated  upon  the  kiln. 

Ii  for  any  reason  damp  barleys  are  stored  or  kept,  great  care 
should  be  taken  properly  to  dry  them  prior  to  putting  them  in 
store.  After  proper  kiln-drying  they  can  be  kept,  even  in  large 
bulk,  with  perfect  safety  for  many  months.  If,  however,  they  ore 
stored  damp  as  received,  they  should  never  be  placed  at  a  greater 
depth  than  four  feet,  and  be  turned  over  never  less  than  twice 
a  week.  The  plan  of  keeping  such  barleys,  or  indeed,  any 
barleys  undried,  cannot  be  too  strongly  deprecated. 

The  embryo  of  all  barley  is  very  delicate.    If  any  dampness 


BABLBT.  91 

exists  in  the  com,  it  naturally  affects  the  germ  first,  and,  apart 
from  its  power  to  encouraf^e  mould  and  occasion  had  taint,  it 
seriously  imperils  the  vitality  of  the  grain. 

Age. 

It  has  heen  already  shown  that  age  of  harley  very  seriously 
affects  its  vitaUty  generally.  The  age  (positive)  also  very 
greatly  influences  condition.  Barleys  ol  different  seasons 
should  under  no  circumstances  be  mixed,  for  it  is  simply 
impossible  to  make  them  vegetate  uniformly. 

No  truly  rehable  test  of  old  barley  has  yet  been  invented. 
The  indications  by  which  an  experienced  buyer  can  detect  it 
are  too  subtle  to  be  conveyed  by  words.  Darker  yellowness  of 
germ  is  the  most  easily-expressed  sign.  Like  many  other 
points  in  malting,  it  can  be  acquired  vnth  certainty  by  long 
experience  only.  It  very  rarely  happens  in  practice  that  the 
attempt  is  made  to  sell  old  barley  as  new,  although  it  is 
occasionally  done. 

Some  maltsters  assert  that  new  barley  gives  twice  the 
increase  of  old  com. 

Mouldiness. 

It  is  no  exaggeration  to  say  that  probably  no  barley  is 
entirely  free  from  mould.  For  all  practical  purposes,  good, 
clean,  bright,  untainted  com  may,  however,  be  regarded 
as  being  free  from  mould  when  steeped.  Some  com  is 
known  by  the  farmer  to  be  affected  by  mould  prior  to  its 
sale.  This  mould  may  arise  from  blight,  mildew,  or  the 
attachment  to  the  straw,  or  ears,  of  the  spores  of  mould  in  the 
field.  These  spores  are  placed  occasionally  in  favourable  con- 
dition for  reproduction  and  development  in  the  rick,  stack,  or 
bam.  Should  they  not  develop  in  those  places,  then  it  some- 
times occurs  that  improper  storage  of  grain  in  bulk  causes 
their  development,  and  the  barley  gets  ''granary  taint"  in 
consequence,  which  is  simply  evidence  of  the  spread  of  mould. 

As  mould  spoils  both  colour  and  smell,  unscrupulous  dealers 
carefully  redry  it,  putting  brimstone  or  sulphur  upon  the  fires, 
so  that  the  sulphurous  fumes  may  not  only  eradicate  the  smell, 
but  also  improve  the  colour. 

This  fraud  is  readily  detected  by  placing  the  sample  in  a 
tightly-stoppered  bottle,  shghtly  damping  it,  and  placing  it  in 
a  fairly  warm  place  (60°  to  90°  Fahr.).  In  one  or  two  hours 
the  original  mouldy  taint  can  be  distinctly  detected,  if  the 
suspected  sample  has  been  doctored.  If  after  two  hours  no 
taint  be  present,  the  com  is  sound  and  in  fair  condition,  so  far 
as  mouldiness  affects  condition.*  By  grinding  the  barley  to 
powder,  and  mixing  it  with  hot  water,  keeping  it  constantly 

*ThiB  practioe  is  rapidly  inoreasmg'  in  America,  Bohemia,  and  many  other 
plaoes,  and  is  stronglj  oondemned  hj  Professors  Lintner,  A.  Belohoubeo,  Thau- 
sing,  ko» 
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stirred,  the  scent  of  sulphur  is  clearly  distinguished.  (For  a 
further  test  for  sulphuring  see  "  Colour.") 

When  barley  is  badly  tainted  by  combined  mould  and  pro- 
tracted exposure  to  wet  or  damp,  in  addition  to  sulphur,  very 
finely  powdered  chalk  is  used.  Close  inspection  in  a  clear 
light  with  good  eyes,  or  with  a  weak  lens,  will  readily  detect 
this,  and,  if  detected,  the  sample  should  be  rejected  at  any 
price,  for  this  artifice  is  rarely,  if  ever,  resorted  to  except  in 
bad  cases.  If  the  spores  of  bhght,  mould,  or,  indeed,  any  low 
organism,  happen  to  adhere  to  the  grain,  the  process  of  exami- 
nation under  the  microscope  will  reveal  them,  but  for  practical 
purposes  it  is  too  tedious  a  process. 

In  every  case  in  large  maltings  employing  power,  it  is 
advisable  thoroughly  to  wash  and  clean  the  barley  immediately 
prior  to  steeping. 

Not  only  does  mouldy  barley  contain  elements  of  grave 
danger  to  the  success  of  the  maltsters'  and  brewers'  operations, 
but  the  fact  that  it  has  been  under  such  conditions  as  are 
favourable  to  mould,  is  a  sure  criterion  that  it  has  been  running 
grave  risk  of  danger  to  its  vitality. 

Dirtiness. 

Farmers  rarely  clean  com  perfectly,  consequently  all  samples 
contain  some  undesirable  foreign  matters,  and,  in  the  aggre- 
gate, the  immense  diversity  and  amount  of  dirt  and  refuse  are 
appalling.  Dust,  dirt,  stones,  sticks,  string,  metal,  and  odds 
and  ends  of  every  sort  and  degree  are  to  be  found.  Experience 
has  taught  that  no  heap  of  1, MX)  quarters  of  grain  ever  contains 
less  than  many  hundreds  of  metallic  fragments  alone.  Stones 
abound  in  even  greater  number.  Buyers  customarily  throw  a 
handful  of  the  com  several  times  into  the  air  in  such  a  manner 
that  a  slight  twist  is  given  to  it.  This  speedily  brings  to  the 
surface,  or  at  one  edge,  all  the  extraneous  matters  contained, 
and  reveals  the  proportion  of  the  whole  bulk  they  occupy. 

The  total  amount  of  refuse  present  in  any  sample  naturally 
regulates  the  value  and  condition  of  such  sample.  With  the 
exception  of  stones,  or  other  substances  of  the  same  size  and 
form  as  barleycorns,  they  are  all  capable  of  easy  removal,  and 
their  presence  is  naturally  very  easily  detected. 

Weevil-Bittenness. 

The  ravages  of  weevils  or  other  insects,  and  of  mice,  rats, 
or  other  vermin,  are  occasionally  serious.  Out  in  the  fields,  in 
stack,  or  in  granary,  corns  are  nibbled  or  bitten  by  rats  and 
mice.  Bitten  kernels  are  easily  detected,  and,  if  present  in 
any  quantity  in  a  sample,  it  should  be  rejected.  Not  only  do 
the^  not  grow,  but  they  become  the  centres  of  putrefactive 
activity. 

Of  the  insects,  the  most  destructive  is  the  common  weevil 
{Sitophylus  granarius)^  with  which  all  maltsters  are  familiar. 
Weevils  are  also  called  variously  bood,  whool,  and  pope.   Should 
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barley  be  stored  for  early  autumn  use,  and  remain  in  store  for 
six  or  eight  months,  the  ravckges  committed  by  weevil  can  be 
immense.  They  scoop  out  the  whole  of  a  com,  leaving  the 
husk  apparently  intact  but  perfectly  empty,  and  if  the  weevils 
are  numerous  the  quantity  of  grain  so  destroyed  is  large. 

When  these  insects  once  make  a  firm  footing  in  a  malting 
or  barn  it  is  most  difficult  to  eradicate  them.  Almost,  every 
conceivable  method  has  been  tried.  Short  of  demolition  of  the 
building,  few  are  really  successful.  This  trait,  coupled  with  their 
rapidity  of  propagation,  makes  the  purchase  of  com  attacked 
by  them  of  grave  importance,  for  it  may  readily  prove  a  means 
of  introducing  them  into  a  new  building.  The  white  com 
worm  {Tinea  granella)  and  the  larvsB  of  the  grain  moth 
(OeUcMa  ceredUlla)  are  more  rare,  and  their  ravages  are 
seldom  met  with. 

No  tests  other  than  sight  are  needed  to  detect  any  of  these 
defects  in  com. 

BroJcenness,  or  the  Damages  arising  from  Beaping,  Threshing, 

Hummelling,  and  Dressing  of  Com. 

Formerly  barley  that  was  flail-threshed  and  trodden  was 
deemed  superior  to  machine-threshed,  in  consequence  of  the 
comparatively  small  number  of  corns  injured  by  the  hand 
processes  compared  to  the  machines.  If  an  ordinary  threshing 
machine  is  out  of  order,  or  improperly  fed,  the  number  of 
broken  and  damaged  kernels  is  very  large,  in  some  cases 
amounting  to  three  per  cent,  of  the  whole  sample.  Not  only 
is  the  three  per  cent,  of  com  lost,  but,  as  each  broken  and 
bruised  com  becomes  a  centre  of  contagion,  communicating 
mould  and  putrefaction  freely  to  otherwise  clean  and  healthy 
€om,  the  mischief  done  is  very  great. 

All  men  engaged  in  shifting  or  working  com  in  any  way, 
almost  invariably  crush  some  or  many  corns  with  the  heavy 
hob-nailed  boots  commonly  worn.  It  is  very  general  to  find 
sharp  steel  or  iron  shovels  employed  in  shifting  or  moving 
grain. 

These  and  other  practices  of  a  like  nature  ought  to  be 
discontinued.  All  such  practices,  combined  with  the  excep- 
tional character  of  the  summer  this  year  (1884),  have  resulted  in 
making  almost  every  parcel  of  barley  extremely  fall  of  half-corns. 
As  they  can  all  be  removed  at  a  total  cost  of  less  than  6d.  per 

Suarter,  it  requires  no  lengthened  demonstration  to  prove  the 
esirability  of  eliminating  them  from  all  barley  prior  to  steeping. 
A  further  indication  of  condition  is  famished  by  the  absence 
or  presence  of  awns.  Unduly  long  awns  are  objectionable  in 
all  cases  where  com  is  bought  by  measure.  Awns  broken  off 
too  closely  to  the  kernel  are  bad,  as  all  abrasions  of  the  skin 
are  harmful  to  the  extent  in  which  they  admit  the  direct 
contact  of  the  steep  liquor  with  the  endosperm,  and  favour  the 
production  of  mould.  In  some  districts  the  objectionable  plan 
exists  of  allowing  an  extra  price  of  Is.   and   upwards  per 
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quarter  on  barley  weighing  over  56  lbs.  per  bnehel.  This 
induces  farmers  to  dress  very  closely,  and  the  great  harm 
results  already  described. 

The  condition  of  the  awn  is  of  course  easy  of  determination 
by  sight. 

The  stacking  influences,  apart  from  colour,  odour,  and 
vitality,  and  the  influences  denvable  from  imperfect  sweating, 
either  in  stack  or  upon  kiln,  are  of  considerable  importance. 
If  a  stack  heats  only  very  slightly,  or  if  barley  is  threshed 
within  three  or  four  weeks  after  cutting,  it  is  obvious  that  no 
sweating  can  have  occurred. 

All  maltsters  assert  that  this  sweating  is  beneficial  throughout 
all  stages  of  steeping,  growth,  and  to  the  malt  when  finished. 
What  precise  modification  of  the  constituents  of  the  grain 
occurs  by  this  heating  is  not  yet  clearly  determined,  but  that 
it  does  aid  materially  the  healthful  development  of  the 
germinating  grain  cannot  be  doubted.  Nor  nas  any  well- 
defined  test  yet  been  devised  to  enable  a  buyer  promptly  to 
determine  if  any  sample  has  so  sweated.  As  a  consequence,  it 
is  safest  to  assume  in  all  cases  that  it  has  not  taken  place,  and 
to  make  the  necessary  arrangements  to  sweat  all  com  upon  the 
kiln  prior  to  storage  or  use.  A  kiln  built  upon  my  principle 
enables  sweating  to  be  accomplished  at  no  cost  for  fael,  hence 
the  sole  expense  is  the  labour  needed.  Com  is  rarely  sold 
after  bein^  kiln-dried.  If,  during  the  process,  the  heat  has 
been  sufficiently  great  to  imperil  the  vitality  of  the  germ,  it  is 
easily  detected  by  examinations  indicated  under  the  heading  of 
*'  Vitality  "  (pp.  85-89).  No  test  for  inadequate  sweating  has 
yet  been  published.  If  any  doubt  upon  the  subject  exists,  it 
can  be  remedied  by  placing  the  com  a  second  time  upon  the  kiln. 
The  best  course  is  to  determine  the  percentage  of  moisture 
present. 

HE. — Matubity. 

Barley  may  be  immature,  ripe,  or  over-ripe.  It  is  of  great 
importance,  therefore,  to  a  maltster  to  secure  such  com  as 
contains  the  largest  percentage  of  properly  mature,  fitly  ripe 
kernels.  The  reasons  why  it  is  difficult  and  rare  to  find  any 
sample  consisting  of  corns  all  duly  mature  have  been  already 
explained. 

Immature  or  unripe  com  is  particularly  objectionable,  for  it 
has  its  constituents  in  a  crude,  or  stubborn  condition,  and  it 
cannot  be  induced  to  grow.  Such  com  is  always  in  very  poor 
condition — cold,  of  a  sickly  greenish,  or  greyish-yellow  colour, 
and,  if  dry,  of  a  starved,  crinkled  look.  The  germ  is  also 
usually  in  a  very  shrivelled  or  dry  state. 

Over-ripe  com  is  more  difficult  to  determine  at  sight,  but  as 
it  grows  very  badly,  it  can  be  easily  detected  by  any  of  the 
germinating  tests.  It  generally  contains  a  greater  percentajge 
of  protein-substances.  It  has  frequently  a  deader  white 
appearance  of  skin,  but  the  condition  of  the  endosperm  is 
rarely  altered  to  any  visible  extent. 
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An  experienced  buyer,  when  examining  a  sample,  closes  his 
hand  over  a  quantity  of  kernels  to  feel  the  effect  of  slight 
pressure  upon  tnem.  He  then  allows  a  fair  number  of  corns  to 
shde  down  his  palm  several  times.  By  the  ease  with  which  they 
do  this,  and  by  noting  the  relative  degree  of  smoothness  with 
which  they  slide,  a  fair  criterion  of  the  maturity  of  the  grain  is 
afforded,  for  only  plump,  properly  filled,  and  therefore  smooth 
kernels  will  ghde  off  the  hand  freely  and  smoothly. 

Com  is  not  necessarily  immature  or  over-ripe  which  is  not 
plump  or  well-filled,  for  much  fully-developed  good  English 
and  very  much  foreign  barley  is  decidedly  thm. 

As  the  gravest  defect  of  immaturity  is  irregularity  of  growth, 
the  tests  for  vitality  are  sufficient  to  answer  all  practical 
purposes  in  testing  maturity  in  doubtful  cases. 

rv. — OnouB. 

The  last  of  the  indispensable  characteristics  of  barleys  that 
are  qualified  to  produce  first-class  malt  is  a  good  and  proper 
odour. 

Barley  that  at  any  time  contracts  any  taint,  or  smell,  can 
never  make  absolutely  good  malt,  however  skilfully  it  may  be 
worked,  or  cunningly  doctored,  to  deceive  those  brewers  whose 
judgment  of  malt  is  formed  from  mere  hand-tests,  and  based 
upon  lengthened  experience. 

Soxmd,  pure,  untainted  com  has  a  peculiar,  clean,  slight  odour, 
almost  imperceptible,  and  difficult  to  describe  in  words.  Once 
learned  it  is  ever  afterwards  readily  recognised. 

Any  other  scent,  however  faint,  is  sure  indication  of  evil  of 
some  form.  Odours  more  or  less  bad  are  communicated  by  the 
following  causes : — 

Improper  exposure  or  neglect  in  swathe  upon  the  ground,  or 

in  the  field ;  frequent  damping  from  rain  or  heavy  dews ; 

contact  with  other  plants  or  noxious  weeds  (garlic,  &c.) ; 

and  storage  in  ship  with  or  after  guano,  petroleum,  &c. 
Stacking  before  being  properly  dry,   or  with  too  great  a 

quantity  of  other  plants,  and  consequent  heating,  musti- 

ness,  or  mould  in  stack. 
Improper  storage  of  grain  in  a  damp,  or  mildewed  condition, 

&c. ;   keeping  at  too  great  a  depth,  and  infrequency  of 

tummg  in  store. 

All  or  any  of  these  are  undesirable,  and  some  are  positively 
harmful ;  the  worst  are  occasioned  by  mould  in  vaned  forms. 
Samples  are  sometimes  drawn  from  bulk,  and  exposed  to  the 
air  and  sunlight,  or,  if  very  bad,  are  kiln-dried  and  sulphured. 
The  best  mode  of  detecting  the  practice  has  already  been  given 
(p.  91). 

The  sense  of  smell  needs  no  guiding  by  tests  to  determine 
any  other  of  the  numerous  forms  of  mal-odour  occasionally 
encountered. 
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I. — Size. 

The  size  and  shape  of  individual  kernels  are  points  of  some 
importance.  Shoii;,  smooth,  plump,  comparatively  round 
kernels  are  usually  considered  the  best.  Not  only  does  the 
size  and  shape  affect  the  disposition  and  value  of  the  kernel 
from  the  nature  of  its  constituents,  but  it  very  materiaUy 
affects  the  relative  percentages  of  all  the  constituents. 

The  proportion  of  husk  and  germ,  or  of  cellulose,  gluten,  ash, 
oil,  &c.,  in  small  com  is  very  much  greater  than  in  large  big 
grains,  which  naturally  have  a  higher  percentage  of  starch,  &c. 

The  foUovsring  analyses  by  Woomy  show  this  more  clearly : — 


Water. 
9-70     . 
.     10-93     . 

Staicli. 

.     68-86 
.     70-36 

AlbmninoidB.   CeUnloae. 

Aflh. 

Small  thin  com 
Large  pinmp  com    . 

..     12-67     ..     6-29     .. 
..     11-61     ..     4-79     .. 

2-68 
2-42 

Barleys  all  of  the  same  shape  or  size  naturally  work  much 
better  together  in  steep  or  on  floors.  It  almost  invariably 
occurs  that  thin  com  grows  more  quickly,  and  starts  earlier, 
than  larger  grain. 

The  importance  of  wetting  only  big  com,  in  consequence  of 
the  difference  to  cost  made  by  the  levying  of  the  Malt-tax,  no 
longer  exists,  consequently  if  all  other  characters  of  a  sample 
are  favourable,  size  should  be  no  impediment  to  making  malt  of 
thin,  even  very  thin,  foreign  grain. 

The  length  of  a  barleycorn  is  probably  little  altered  now 
from  those  early  periods  when  a  barleycorn  was  taken  as  a 
standard  of  length,  three  barleycorns  making  one  inch  ;  but  in 
circumference  the  com  has  increased  considerably  in  con- 
sequence of  improved  cultivation. 

Thirty  years  ago  Dr.  Thomson*  made  an  elaborate  series  of 
experiments,  and  determined  the  size,  weight,  &c.,  of  barley, 
but  the  maximum  sizes  are  now  very  commonly  exceeded.  The 
difficulties  attending  the  effort  to  take  a  true  average  are  such 
that  we  may  fairly  assume  any  attempt  to  establish  a  standard 
of  size  more  or  less  futile. 

Size  is  commonly  judged  by  the  eye  only,  with  no  actual 
assistance  of  any  test,  but  the  real  sizes  of  a  particular  sample 
are  capable  of  easy  determination  by  sifting  in  a  series  of  small 
sieves,  having  the  meshes  of  each  arranged  slightly  larger  than 
the  other,  so  that  the  quantity  of  com  retained  upon  each  sieve 
gives  at  once  a  clear  indication  of  the  sizes  of  all  the  kernels. 

II. — ^Weight. 

Nearly  all  previous  writers  have  stated  that  weight  of  barley 
is  of  the  greatest  importance.  Although  profoundly  respecting 
the  opinion  and  admiring  the  knowledge  of  many  eminent 
writers,  I  do  not  feel  disposed  to  assign  to  weight,  priority  over 

*  Dr.  T.  TaoxBOV,  Brewing  and  Diatillatioii,  1849,  p.  14.    See  also  Eno.  Brit, 
ed.  8. 
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any  of  the  properties  of  com  already  tabulated.  Although  I  am 
quite  aware  that  for  extra  quality  malt  for  delicate  pale  and 
stock  ales  it  is  desirable  to  select  heavy  com,  still  it  is  not  so 
important  as  vitality,  condition,  maturity,  odour,  or  size,  and  I 
much  question  if  it  really  more  than  equals  uniformity  of  colour. 

For  common  or  running  beers,  moderately  heavy  com  is 
sufficiently  good,  and  a  thm  light  French  or  Mediterranean 
barley  will  make  much  sounder,  more  useful,  and  cheaper 
extract  than  a  heavy,  rough,  Scotch  barley.  Nevertheless,  the 
prices  of  com  are  ruled  in  nearly  all  markets  by  weight,  and  it 
IS  therefore  one  of  the  gravest  characteristics. 

Any  barley  which  weighs  56  lbs.  per  imperial  bushel,  or 
upwards,  may  be  called  a  heavy  barley.  All  under  50  lbs.  per 
bushel  may  be  deemed  light,  excepting  bigg  and  barleys  of  its 
class  (H.  hexastichon).  Weight  is  ruled  or  influenced  by  other 
factors  than  size,  such  as  the  degree  of  maturity,  the  structure  and 
arrangement  of  the  constituents  of  the  grain,  or  the  humidity. 

Over-ripe  or  folly-matured  barley  is  heavier  by  two  or  more 
pounds  per  bushel  than  imripe  barley,  otherwise  alike  in  all 
respects  of  size,  species,  &c. 

Vitreous  barley  always  weighs  more  than  similar  com  which 
is  friable. 

Dry  com  is  usually  lighter  than  wet. 

When  weight  is  calculated  from  small  samples,  due  care 
must  be  taken  to  allow  sufficiently  for  the  difference  in  weight 
of  a  small  loose  sample,  and  a  larger  bulk.  For  this  reason  the 
use  of  the  small  spring-balance  chondrometer,  fitted  with  a 
filling  cone,  is  the  best  method  of  testing  the  weight  of  barley 
from  a  small  sample,  but  much  care  and  practice  are  required 
to  ensure  reliable  results. 

in. — Uniformity. 

The  great  bulk  of  barley  when  brought  to  market  consists  of 
a  diversity  of  corns,  differing  very  materially  in  size,  colour,  and 
maturity.  These  differences  affect  the  value  of  the  malt  made, 
as  it  is  of  importanqp  to  have  samples  regular  or  uniform. 

Barley  which  is  grown  in  small  irregular  fields,  in  the  shadow 
of  woods,  or  heavy  hedgerow  timber,  upon  variable  or  springy 
soil,  cannot  possibly  Be  uniform.  The  influence  of  these 
differences  is,  nowever,  greater  upon  the  character  of  the  com 
when  working,  than  commonly,  upon  the  price  of  the  malt,  for 
barleys  differing  in  size  rarely  if  ever  grow  in  precisely  the 
same  manner,  and  consequently  malt  resulting  from  such 
working  is  necessarily  imperfect. 

The  difficulty  of  attending  to  such  details  renders  it  the  more 
imperative  to  sift,  sort,  or  screen  barley,  so  that  uniformity  of 
size  and  shape  is  secured,  for  without  it  uniformity  of  growth, 
and  even  (regular)  malt  is  rarely  or  never  attained. 

Among  the  many  altered  conditions  of  the  trade  at  the 
present  time,  a  number  must  not  be  overlooked,  that  are  ruled 
by  natural  laws,  or  only  very  indirectly  by  statute. 

Increased  facihties  for  transporting  grain  and  beer  have 
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enabled  enormouB  breweries  to  be  developed.  To  supply  them 
with  maJt,  very  large  maltings  have  been  erected,  and  in  such 
great  establishments  it  is  impossible  for  each  individual  growth 
of  barley  to  be  kept  separate  when  working. 

In  the  smaller  maltmgs  that  were  formerly  so  abimdant,  it 
was  not  unusual  for  the  whole  of  the  barley  wanted  to  be 
grown  within  sight  of  the  malting.  The  maltster  knew  exactly 
the  nature  of  the  soil  upon  which  the  great  bulk  of  his  barleys 
grew.  In  many  cases  he  actually  knew  how  the  com  had  been 
harvested,  and  many  other  details,  which  enabled  him  to  turn 
out  malt  of  an  excellent  quahty.  It  often  occurs  that  a  com- 
paratively small  field  will  jrield  a  variety  of  quahties  of  barley. 
Variations  of  soil  and  differing  degrees  of  humidity  from  the 
position  of  springs,  and  the  "  lay  of  the  ground/'  will  cause 
differences  in  size,  and  the  degree  of  maturity  of  the  com  that 
cannot  be  avoided.  When,  therefore,  a  malting  draws  its 
supplies  from  widely  extending  points,  attention  to  such  minor 
details  as  mixing  growths  cannot  be  given.  When  foreign 
com  is  used,  this  point  has  to  be  utterly  ignored. 

Malting  in  Ireland  is  found  to  be  unsatisfactory,  in  some 
senses,  from  this  very  cause,  for  the  patches  grown  are  usually 
small,  and  it  is  rarely  that  a  good  quantity  can  be  secured  at 
once.  As  it  is  the  custom  in  Lreland  for  maltsters  to  buy  very 
largely  in  autumn,  and  so  accumulate  large  stocks  of  com, 
which  are  further  mixed  in  sweating  and  storage^  the  uni- 
formity secured  by  separation  of  particular  growths  is  rarely 
possible.  The  evenness  of  size  attainable  by  proper  screening 
and  gmdin^  can,  however,  take  the  place  of  purelv  local  know- 
ledge, and  it  is  desirable  in  every  case  that  at  least  the  uni- 
formity of  size  so  readily  attainable  should  be  secured.  Com 
which  is  all  of  one  size  naturally  steeps  and  grows  better  than 
similar  com  greatly  differing  in  size.  Maltsters  formerly  gained 
considerably  by  closely  screening  out  all  thin  com  to  avoid 
payment  oi  duty.  It  still  pays  to  remove  thin  com  for  the 
sake  of  the  uniformity  of  growth  it  favours.  Its  necessity  is 
still  farther  pointed  out  later  on. 

IV. — Colour. 

Colour  famishes  a  very  fair  general  indication  of  the  <][uality 
of  barley,  for  the  simple  reason  that  those  conditions  of  dimate, 
soil,  &c.,  that  favour  colour  are  best  for  the  production  of  com 
that  possesses  nearly  all  the  other  essential  or  desirable  qualities 
abready  enumerated.  In  Great  Britain  it  is  rare  to  secure 
barley  which  has  not  become  more  or  less  discoloured  from  rain 
or  damp.  Some  foreign  com  is  gathered  upon  which  no  rain  has 
ever  fallen.    The  difference  in  colour  is  naturally  considerable. 

The  whitest  barley  is  not  invariably  the  best,  but  still  it  is  a 
fairly  safe  rule, — "The  lighter  the  colour  of  the  barley  (if 
natural)  the  better  the  malt."  Light,  straw-yellow  is  usually 
good,  and  strong,  bright  yellow  is  better  than  a  washed,  or 
sulphured,  lighter-coloured  com. 
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The  practice  of  kiln-drying  and  Btdphaiing  com  to  improve 
its  colour  and  smell  is  not  yet  common,  out  it  requires  to 
be  guarded  against.  If  a  sample  is  suspected  at  all,  let  it  be 
soaked  for  a  few  minutes,  and  well  washed  in  pure  distilled 
water.  Then  add  to  the  water,  after  draining  it  from  the 
barley,  four  or  five  drops  of  chloride  of  barium.  If  a  thick 
white  precipitate  occurs  it  is  proof  of  sulphurinfi^  upon  kiln. 

The  colour  of  the  tips  of  the  kernel  snould  oe  of  the  same 
tint  as  the  rest  of  the  sidn.  Dark  tipped  or  black  ended  com 
has  usually  been  subject  to  such  conditions  of  heat,  wet,  or  age 
as  are  faXsl  to  uniformity  of  growth,  and  usually  destructive  of 
vitality. 

Com  usually  assumes  a  darker  tint  by  long  storage,  and  loses 
to  a  great  extent  the  power  to  germinate  re^arly. 

Thausing*  approves  most  of  oarley  which  is  harvested  when 
yeUow  ripe,  preferring  that  which  in  colour  is  of  a  h^ht  straw 
yellow.  If  the  com  has  a  greenish  colour,  it  is  an  mdication 
that  tiie  barley  could  not  have  been  ripe  when  cut. 

V. — ^Appbarancb  of  Skin. 

By  the  appearance  of  the  skin  of  barley,  direct  evidence  is 
furnished  of  material  use  in  determining  the  value  of  the  com. 

Thin  wrinkled  skins  denote  kindljr,  properly  matured,  useful 
barley.  They  should  not  be  too  thin  to  retain  the  acrospire 
properly. 

Thick,  harsh,  rough,  crinkled  skins  are  caused  by  bad  or  un- 
favourable growth  on  harsh,  cold,  stiff  soils,  and  they  denote 
barleys  more  or  less  difficult  to  work,  which  are  generally 
stubborn  and  sluggish.  The  malt  made  from  them  never  loolffl 
well,  and  the  percentage  of  husk  is  much  higher  than  in  thin- 
skinned  barley,  which  may  seem  similar  in  all  other  respects. 

Thick,  rough  skins  denote  the  possession  of  an  excess  of 
extractive  matter  in  barley,  which  has  to  be  removed  by  frequent 
change  of  steep-liquor. 

Some  writers  consider  the  appearance  of  skin  the  most  im- 
portant indication  of  the  quality  and  value  of  barley.  I  fail  to 
see  how  I  can  give  it  any  other  position  than  the  end  of  this 
chapter. 

*  Preparatioii  of  Malt  and  Fabrioation  of  Beer  (American  Ed.)»  p.  192. 
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BABLEY  (continued). 

Barley : — 
Chemioal  oonipositaon  of  Barley.  Empirical  AnalyaiB.  Starch.  Sice  and 
Character  ox  CeUa.  ConversioD.  Gellidofle.  Dextrine.  Sugars.  Fata. 
Choleeterin.  Besina.  Ash.  Analyses  of  Ash.  Kitro|renoiis  Substances. 
Glutens.  Analyses  of  Glutens.  Albumen.  Caseine.  Fibrine.  Gelatine. 
Mucedine.    Amides.    Peptones. 

Chemical  Composition  of  Babley. 

The  empirical  composition  of  barley  is  given  by  Drs.  T.  and 
B.  D.  Thomson,  as  foDows* : — 


Carbon      

46-64 

Hydrogen 

602 

Nitrogen 

1-81 

Oxygen     

37-66 

Ash           

3-41 

Water       

9-46 

It  is  essential  to  know  also  the  molecular  composition  of 
barley.  External  appearances  sufficed  for  the  practical  malt- 
sters of  the  past,  but  no  true  reliance  can  be  placed  upon  these, 
and  the  determination  of  the  real  character  of  the  grain  is 
greatly  aided  by  the  researches  of  chemists. 

The  divisions  of  the  subject  that  follow  naturally  the  usual 
composition  of  the  grain  are : — 

I.  Non-nitrogenous  bodies. 

Starch. 

Cellulose. 

Deztrines. 

Sugars. 

Fats. 

Besins. 

Ash. 

II.  Nitrogenous  bodies  (proteins  or  albuminoids). 

Glutens. 
Peptones. 

*  Report  on  the  Effect  of  Barley  and  Malt  in  Feeding  Cows  and  Bullocks.    1846. 
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The  proportion  of  these  several  constituents  varies  with 
every  sample  of  barley,  and  in  badly-obressed  grain  may  differ 
widely  in  the  several  kernels  of  a  single  sample.  Some 
chemists  have  examined  only  selected  grains,  others  have 
taken  samples  of  considerable  bnlk  so  as  to  arrive  at  a  fair 
average,  it  seems  that  every  difference  in  the  vitality  of  the 
plant,  its  food  supply  in  the  soil,  the  conditions  of  development 
of  the  grain  from  the  first  fertilization  of  the  ovule  to  full  ripe- 
ness, and  of  storage  in  stack,  bam,  or  bin,  has  its  influence  on 
the  relative  amounts  of  the  several  substances  present.  Even 
kiln-dried  grain,  stored  in  air-ti^ht  bins,  experiences  some 
slight  changes  in  the  course  of  time,  as  is  evidenced  by  its 
ultimate  loss  of  life,  and  by  the  alteration  of  the  atmosphere 
within  the  bins. 

Lawes  and  Gilbert,  in  their  Beport  on  the  Composition  of 
Foods  in  Belation  to  Bespiration  and  the  Feeding  of  Animals,* 
give  partial  analyses  of  every  substance  used,  including  six 
samples  of  barley,  averaging  moisture,  17'5 ;  ash,  2'2 ;  and 
nitrogen,  1*66  per  cent. 

W.  Stein  t  and  J.  C.  Lermer:^  give  more  detailed  analyses, 
viz.: — 


0toiii< 

Staroh          64-282  63-43 

CeUulofle 19-864  7-10 

Dextrine 6-500  6-63 

Fat 0-896  8-08 

Extractiye  matter 8-556  1-11 

Ash 2-421  2*40 

Frotems,  Bolnble 1-258 

„        insolnble             10-938 


::1 


16-26 


The  fine  flour  of  the  grain  consists  of  little  but  starch ;  the 
gluten  layer  is  highly  nitrogenous,  and  contains  a  considerable 
proportion  of  fatty  matters;  the  germ  is  of  much  the  same 
composition;  the  outer  membranes  are  composed  principally 
of  cellulose,  with  resinous  bodies  and  mineral  salts,  chiefly 
phosphates  and  sulphates  of  lime,  magnesia  and  potash,  with  a 
trace  of  sihcates. 

i. — ^non-nltrogbnous  substances. 

1. — Stabch. 

Starch  is  a  generic  name  for  a  group  of  isomers  §  of  cellulose, 
&c.,  constituting  the  most  important  part  of  the  grain.  The 
cells  containing  starch  vary  in  form  and  size  in  every  plant, 
and  are  hable  to  modification  by  the  conditions  of  growth. 
Those  of  barley,  rye,  and  wheat  are  much  alike  in  form ;  and 
all  present  two  categories,  the  large  and  the  small  cells,  with 

*  Stp,  Brit.  Auoe.  for  1862»  pp.  323—363. 
t  Ch9m,  Gmir.,  1860,  pp.  494,  576—678. 

{Folyt,  Jtmm.  bd.  dzzix.  pp.  71—80  [1866]. 
Iflomen  are  lx>dies  of  identioal  (empirioal)  oompoaition,  bat  yaiying  in  proper- 
tieB.    Thus,  etaroh,  dextrine,  and  woody  fibre  haye  all  the  same  peroentagee  of 
oarbon,  hjaiogeanL,  and  oxygen,  ^ngh  80  different  in  many  other  req;ieotB. 
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none  of  intermediate  size.  In  barley,  the  small  cells  pre- 
dominate in  number  over  the  larger,  whilst  in  wheat  and  rye 
the  numbers  are  practically  equal. 


Size 

of  Starch  Cells  (Wiesner)  reduced  to  Inches. 

Small  CeUa. 

LaigeCelli. 

liizniti. 

ATeittge. 

Barley 
Rjre  .. 
Wheat 

0-000063  to  0-000252 
0000086  to  0000322 
0000086  to  0*000354 

0-000181 
0000283 
0000248 

0-000425  to  0001291 
0-000437  to  0-001614 
0-000667  to  0-001870 

0-000799 
0-001110 
0-001463 

The  following  figures  represent  some  of  the  varieties  of  starch 
cells  found  in  cereals : — 


Q 


a. 


h.  c,  d, 

FkO.  5.— SZABOB-GaANULaB. 


#. 


a.  Barley  (X  400). 

b.  Barley  treated  with  ohromic  acid. 
e,  Kioe  (X  300). 


d.  Wheat  (X  400). 

e,  MaUe  (X  800). 


In  water,  cells  under  0*000086  of  an  inch  in  diameter  exhibit 
the  "Brownian"  movement  of  perpetual  oscillation. 

Under  high  powers  the  structure  of  the  cell-contents  is  seen 
to  be  concretionary,  the  nucleus  being  more  or  less  central  in 
cereals,  though  often  widely  eccentric  in  starch  of  other  origin, 
affording  thereby  a  means  of  detection  of  adulterated  flour. 
Badiating  lines  have  been  noticed  in  some  cases,  indicating, 
probably,  expansion  and  contraction  by  alternating  conditions 
during  development,  and  the  same  cause  has  produced  the 
vacuity  sometimes  present  at  the  nucleus. 

**  The  structure  of  the  grains  of  starch  is  very  beautifully  dis- 
played by  pla.cing  some  of  them  in  contact  with  a  drop  of 
concentrated  solution  of  zincic  chloride  (tinged  with  a  little 
free  iodine)  on  the  field  of  the  microscope.    No  change  takes 

Elace  in  the  granules  until  a  little  water  oe  added.  They  then 
ecome  of  a  deep-blue  colour,  and  gradually  expand ;  at  first  a 
firill-like  plicated  margin  is  developed  around  the  granule ;  by 
degrees  this  opens  out ;  the  plications  upon  the  granule  may 
then  be  seen  slowly  unfolding,  and  may  be  tra.ced  in  many 
cases  into  the  rugae  of  the  frill;  ultimately  the  granules  swell 
to  twenty  or  thirty  times  their  original  bulk,  and  present  the 
appearance  of  a  flaccid  sac.  During  these  changes  no  extrusion 
of  anything  within  the  granules  is  observed  to  take  place."* 

*  a.  Busk,  Tram.  Mierotc.  Soe.yoLLpp.  69—68  [1863]. 
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Fore  starchy  no  matter  from  what  source  derived,  is  taste- 
less and  odourless.  It  is  fractionally  lighter  than  cellulose, 
but  probably  varies  according  to  the  conditions  of  its  forma- 
tion. As  the  cell-walls  do  not  consist  of  starch,  crude  com- 
mercial preparations  of  starch  contain  nitrogenous  and  fatty 
matters,  with  a  saJine  ash  amounting  to  about  0*4  per  cent. 

Though  insoluble  in  cold  water,  alcohol,  or  ether,  starch  is 
acted  upon  by  a  solution  containing  two  per  cent,  or  more  of 
alkali,  forming  a  paste.  Mixed  with  water  at  or  above  140° 
Fahr.,  it  absorbs  it  to  an  indefinite  extent,  for,  by  the  bursting 
of  the  cells,  and  the  dispersion  of  the  molecules  into  the  sur- 
rounding fluid,  a  jelly  or  paste  is  formed,  which,  though 
generally  regarded  as  a  solution,  is  not  truly  such,  but  a  case 
of  mere  mechanical  suspension.  True  solution  commonly 
increases  the  limpidity  of  water,  whilst  the  viscosity  of  paste  is 
proverbial.  Copious  dilution  of  starch-paste  causes  the  granules 
slowly  to  sink,  leaving  in  solution  amidin,  or  soluble  starch. 
The  granules  do  not,  when  dried,  recover  their  original  insolu- 
bility. Their  solution  is  precipitated  hj  alcohol,  and  the  pre- 
cipitate, if  at  once  treated  with  water,  is  dissolved,  but  if  left 
for  a  few  hours  becomes  insoluble. 

Amidin  can  be  conveniently  formed  from  starch  by  boiling  it 
in  a  strong  solution  of  zinc  chloride,  or  of  glacial  acetic  acid. 
Prolonged  boiling  in  water  only  produces  a  mixture  of  amidin 
and  dextrine.  By  the  zinc-chloride  or  acetic-acid-process  the 
formation  of  dexmne  is  avoided. 

The  temperature  at  which  water  begins  to  act  on  natural 
starch-cells  varies  considerably,  being  probably  sdBfected  by 
their  size,  and  by  the  nature  of  the  cell  walls.  The  hard  mass 
produced  by  the  drying  of  the  paste  is  not  again  diffasible  in 
water,  however  finely  it  may  be  triturated. 

If  starch  be  boiled  under  pressure  at  300°  Fahr.,  there  is 
formed  a  thin  solution  which  will  pass  through  filtering  paper, 
and  upon  cooling  deposit  a  dull  white  powder,  sparingly  soluble 
in  cold  water,  but  readily  dissolving  at  158°  Fahr.,  giving  a 
blue  colour  with  iodine,  and  precipitated  by  alcohol  from  its 
solution. 

The  action  of  air,  or,  more  probably,  that  of  the  microzymes 
everywhere  present  in  air,  converts  starch-paste  by  degrees 
into  the  isomeric  substance,  glucose.  A  similar  change  is 
effected  by  various  nitrogenous  matters  of  unstable  nature, 
such  as  the  remains  of  cell- walls,  fragments  of  the  gluten-layer 
or  germ,  the  saliva  (or  its  active  albuminoid  ptyaUn),  the 
secretions  of  the  stomach  and  pancreas  (containing  pepsine 
and  pancreatine  respectively),  and  other  similar  organic 
matter. 

Nageli  finds  that  ptyalin  separates  starch  into  two  substances, 
both  present  throughout  the  starch  cell.  The  part,  which  being 
soluble  in  the  ptyalin  solution,  gives  a  blue  colour  with  iodine, 
he  terms  granulose ;  the  insoluble  remainder,  unaffected  by  or 
turning  red  with  the  iodine  test,  he  calls  amylo-cellulose,  while 
Mohl  prefers  the  designation  farinose.    Acid  solutions  produce 
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a  Bimilar  separation.  The  varying  proportions  of  grannlose 
and  farinose  probably  affect  the  formation  and  resulting  pro- 
perties of  starch  paste. 

The  quasi-solution  of  starch  is,  from  the  presence  of  grann- 
lose, coloured  deep>blue  by  the  addition  of  iodine.  On  heating, 
the  colour  disappears,  and,  after  {prolonged  heat,  does  not  recur 
upon  cooling,  owing  to  the  oxidation  of  the  iodine  to  hydriodic 
acid.  A  solution  of  nitrite  of  potassium  (with  a  trace  of 
sulphuric  acid)  will  reduce  the  iodine  and  restore  the  blue 
colour. 

The  gradual  change  of  starch-paste  into  glucose,  spoken  of 
above,  can  be  follow^  by  this  iodine  test,  the  deep  blue  tint 
changing  slowly  to  violet  and  red,  all  colour  finally  disappear- 
ing. Whether  the  intermediate  tints  be  due  to  bodies  of 
intermediate  nature  or  to  mixtures  of  altered  and  xmconverted 
starch,  must  as  yet  be  considered  as  uncertain,  some  authors 
maintaining  either  view. 

Starch  is  convertible,  by  dilute  sulphuric  acid,  into  dextrine, 
and  ultimately  glucose,  differing  in  this  respect  from  cellulose, 
which  requires  concentrated  acid  for  the  same  modification. 
With  nitnc  acid  widely  different  results  are  obtained,  according 
to  its  degree  of  dilution.  Concentrated  acid  dissolves  the 
starch,  and,  upon  the  addition  of  water,  precipitates  the  new 
compound,  xyloidine,  Cu  Hie  (N08)4  Ou,  which  is  akin  to  gun- 
cotton,  and  dangerously  unstable,  whilst  acid,  diluted  before 
contact  with  the  starch,  oxidises  it  first  into  oxalic  and  sub- 
se<juently  to  carbonic  acid.  If  merely  wetted  with  dilute  nitric 
acid,  and  dried  in  thin  layers  at  250^  Fahr.,  the  starch  is 
converted  into  dextrine. 

Dry  starch  heated  to  a  temperature  of  820^  is  unchanged, 
but  at  400^  rapidly  passes  into  dextrine.  Commercial  starch, 
which  contains  about  18  per  cent,  of  water,  is  converted  slowly 
into  dextrine  at  820^. 

8tarch-paste  is  precipitated  in  the  cold  by  tannin,  and  though 
heat  causes  the  solution  of  the  precipitate,  it  reappears  on 
cooling.  The  insolubihty  of  starch  in  ammonia  cuprate  is  a 
further  point  of  difference  from  cellulose.  Conversion  by 
diastase  (malt  extract)  yields  varying  proportions  of  dextrine 
and  maltose,  dependmg  upon  the  temperatures  employed, 
thus — 

'  at  145®  Fahr.        67*85  maltose        3215  dextrine 
„  152®      „  84-54       „  65-46       „ 

„  159®      „  17-40       „  82-60       „ 

The  chemical  reactions  appear  to  consist  in  the  combination  of 
one  molecule  of  water  with  one,  two,  and  four  molecules 
respectively  of  starch.  It  would  seem  that  a  fourth  proportion, 
5018  maltose,  49'72  dextrine;  results  from  the  combination  of 
three  molecules  of  starch  with  one  of  water.* 


♦  O'SuruTAir,  Joum,   Cfh^m.   Soe,  toL  Z3tx.  pp.  126—144  [1876] ;    toI.  xzzt. 
pp.  770—786  [1879]. 
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An  ammoniacal  solution  of  basic  plumbic  acetate  produces  in 
starch-paste  a  precipitate  of  the  composition  Gu  His  O9, 2  Pb  O. 

Starch,  heated  with  caustic  potash  and  a  small  quantity  of 
water,  to  fusion,  forms  a  mixture  of  oxalate,  formiate,  acetate, 
and  propionate  of  potassium. 

From  the  composition  of  the  sodium  and  potassium  com- 
pounds with  starch,  PfeifiEer,  ToUens,  and  Salomon  regard  the 
molecule  as  consisting  of  4  (Ce  Hio  Os),  with  or  without  a 
molecule  of  water  in  addition.  Nageli  and  Sachsse,  on  the 
other  hand,  hold  the  starch  molecule  to  be  C86He2  08i  +  SHgO 
or  6  (C  6  HioOb)  ^  6  (HaO).* 

2. — Cellulose. 

Cellulose,  or  woody  fibre,  is  the  name  given  to  a  group 
of  bodies  of  the  same  empirical  composition,  CeHioOs,  or, 
centesimally  expressed — 

Carbon         44*4444 

Hydrogen     61728 

Oxygen         49-3828 

When  pure  it  is  colourless  and  tasteless,  insoluble  in  water  or 
dilute  alkalies,  but  soluble  in  cuprate  of  ammonia,  and  in  con- 
centrated caustic  potash,  though  Cm  Hio  O90  K2  0  breaks  up  on 
dilution  into  its  original  constituents.  Concentrated  sulphuric 
acid  forms  a  gelatinous  quasi-solution  hke  starch-paste,  turning 
blue  with  iodme ;  and  eventually  a  dextrine  is  produced,  and, 
by  dilution  and  boiling,  glucose.  A  mixture  01  strong  nitric 
and  sulphuric  acids  converts  cellulose  into  nitro-cellulose  or 
gun-cotton,  Ce  H7  (N0a)8  0^,  a  substitution  which  is  reversed 
by  alcoholic  solution  of  potassic  hydrosulphide,  reproducing 
cellulose. 

About  7*10  per  cent,  of  barley  consists  of  cellulose,  none  of 
which  passes  into  the  wort  in  brewing.  Its  average  weight 
when  dry  is  little  more  than  half  as  much  again  as  water. 

As  the  outer  wall  of  the  staox^h-cells  consists  of  cellulose, 
conversion  of  the  interior  by  diastatic  agency  cannot  commence 
till  the  cells  be  ruptured  by  expansion  due  to  moisture  (with 
or  without  heat). 

3. — ^Dextrinb  {British  Qum). 

Dextrine  is  another  group-name  for  a  series  of  isomers  of 
the  foregoing  class,  and  denves  the  name  from  the  fact  that 
(being  soluble)  their  solution  rotates  a  ray  of  polarised  light  to 
the  nght  hand,  through  an  angle  varjring  with  the  molecular 
(as  distinguished  from  the  empirical)  stnicture  of  the  several 
varieties. 

Dextrines  are  neutral  tasteless  substances,  soluble  in  water, 
dilute  alcohol,  or  naphtha,  but  insoluble  in  absolute  alcohol  ox 

*  Omtr,  Agrik,'Ch$m.y  1882,  pp.  IIS^llT, 
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ether.  They  are  readily  changed  by  dilate  mineral  acids  to 
sugars.  Dextrine  forms  an  intermediate  stage  in  the  conver* 
sion  of  starch  to  sugar,  whether  effected  by  mineral  acids  or  by 
diastatic  action. 

3a. — SmiSTBiN. 

Eiihnemann*  maintains  the  presence  in  barley,  and  in  imper* 
fectly-germinated  malt,  of  a  substance  isomeric  f  with,  and  in 
many  points  similar  to,  dextrine,  but  laBvorotatory  in  its  optical 
properties,  whence  he  gives  it  the  name  of  sinistiin.  Being 
insoluble  in  cold  water,  it  appears  as  a  cloud  on  the  cooling  of 
its  solution.  Turbidity  in  wort  and  beer  is  attributed  to  this 
substance.    Well-grown  malt  contains  no  sinistrin. 

4. — Sugars. 

As  the  properties  of  the  several  members  of  this  group  vary 
to  an  extent  slight  in  a  chemical  point  of  view  but  important 
in  their  effect  on  palatal  and  other  conditions,  and,  as  the 
microscope  is  rapidly  becoming  an  instrument  of  general  use 
with  maltsters  and  brewers,  superseding  crude  practical  ex- 
periments, it  is  a  fortunate  thing  that  the  solutions  of  different 
sugars  rotate  the  ray  of  polarised  light  in  opposite  directions, 
and  through  angles  varying  with  each  vanety.  The  optical 
and  chemical  phenomena,  taken  in  conjunction,  afford  a  much 
more  certain  diagnosis  than,  in  the  possible  presence  of  so 
many  isomeric  bodies,  chemistrv  alone  could  famish. 

As  it  is  still  a  matter  of  mucn  doubt  as  to  the  position,  or 
even  presence,  of  sugars  in  barley,  it  is  unnecessary  to  pursue 
the  subject  farther  here,  but  some  account  of  the  several  sugars 
will  be  found  in  my  description  of  malt  (Chap.  XI.). 

6. — Fats. 

The  fatty  matters  found  in  plants  are  principally  stearin, 
palmitin,  and  olein,  compounds  of  fatty  acids  with  glycerine. 
By  neutralising  the  acid  (stearic,  palmitic,  or  oleic)  with  alkali 
a  soap  is  formed,  the  glycerine  being  entangled  in  its  stearate  or 
other  salt.  There  are  also  many  bodies  of  fatty  nature  present 
in  plants  in  very  small  proportions,  but  which,  being  volatile, 
betray  their  presence  by  their  odour  and  taste,  and  are  termed 
essential  oils.  Most  of  these  can  be  extracted  bv  ether,  and 
some  can  be  obtained  directly  from  the  original  source  by 
distillation.  This  is  the  case  with  the  so-called  hordeic  acid, 
to  which  the  odour  of  fresh  barley  is  due,  and  which,  in  the 

})roce8seB  of  germination  and  kiln-drying,  is  modified  into  other 
ats.  This  jnelds  the  characteristic  smell  of  green  and  cured 
malt,  and  communicates  flavour  to  the  beer  according  to  the 
extent  of  modification.    A  certain  proportion,  however,  of  the 

*  Ber,  dmUeh.  ehem,  Oet,  bd.  ix.  pp.  1386 — 1388  [1876].  Iliis  name  it  alao  glTen 
tnr  Sohmiedeberg  to  a  new  laDTocotatory  tubstanoe  of  the  aame  foraraU,  06  H^o  0«, 
obtained  from  aqniUi  [1879]. 

t  Thanaing  deniea  thifl. 
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fat  stored  in  the  gluten-layer  and  in  the  germ,  is  consumed  by 
the  respiration  of  the  embryonic  plant  in  the  earlier  stages  of 
malting,  and  a  further  portion  is  expelled  by  the  heat  of  the  kiln. 

From  2  to  2'5  per  cent,  of  barley  consists  of  fatty  matter. 
Konig,*  in  1871,  published  analyses  of  many  vegetable  fats,  not, 
however,  indicating  the  proportions  of  the  three  glycerides  of 
which  they  largely,  if  not  wholly,  consist.  Barley-fat  contains 
carbon  76*29,  hydrogen  11*77,  and  oxygen  11'94.  As  the 
proportion  of  oxygen  is  higher  than  in  even  tripalmitin  glyceride, 
there  is  clearly  some  admixture  of  other  fatty  bodies,  unless 
some  oxidation  took  place  in  the  sample  analysed  between  its 
extraction  and  the  subsequent  examination. 

Wheat,  barley,  and  rye  contain  traces  of  the  body  known  as 
cholesterin,  C96H44O,  H2O,  the  characteristic  fat  of  bile,  an 
important  constituent  of  bram-matter,  and  the  principal 
component  of  gall-stones.  The  percentage  composition  of  tnis 
interesting  substance  is — carbon  80,  hydrogen  11*8,  oxygen  8*2. 

6. — ^Resins,  &c. 

The  cells  of  the  outer  coat  or  skin  of  grain  develop  in 
ripening  a  considerable  amount  of  resinous  matter,  which,  by 
its  comparative  insolubility,  protects  the  interior  from  prema- 
ture access  of  water.  The  steep-water  removes  a  portion  of 
this  resin,  the  remainder  passes,  either  unchanged  or  modified 
by  the  heat  of  the  kihi,  into  the  wort,  and  communicates  its 
specific  flavour  to  the  finished  beer  or  spirit. 

7. — ^AsH. 

The  ash  or  mineral  salt  present  in  barley  consists  of 
sulphates,  phosphates,  and  silicates  of  potash,  soda,  lime,  and 
magnesia,  with  alkaline  chlorides. 

The  percentage  of  ash  in  barley  rarely  exceeds  three  j^er 
cent.,  chiefly  found  in  the  husk,  but  present  in  small  quantity 
in  nearly  all  parts  of  the  grain. 

From  evidence  to  be  adduced  subsequently,  it  appears  that 
the  ash  is,  some  way,  not  hitherto  explained,  intimately  con- 
nected with  the  nitrogenous  principles  of  the  grain,  and  can 
only  be  extracted  for  examination  by  the  alteration  or  destruction 
of  these  complex  bodies.  It  is,  however,  conceivable  that  the 
mineral  salts  are  only  mechanically  enveloped  in  the  albuminoid 
matter,  and  that  the  access  of  solvent  fluids,  whilst  removing 
the  ash,  acts  simultaneously  on  the  surrounding  organic 
substance.  Nevertheless,  the  well-known  fact  that  plants,  and 
especially  cereals  and  other  gpsses,  require  the  presence  in 
the  soil  of  certain  salts  for  vigorous  growth  if  not  for  bare 
existence,  points  to  chemical  combination  of  organic  and 
inorganic  matter,  and,  though  dissociation  may  take  place  in 
the  final  ripening  of  the  grain,  the  presence  of  the  salts  is 
doubtless  of  great  importance  to  the  embryo  in  the  earliest 

*  Ueber  die  Elementarziuainmensetzniig  der  Pflanzenf ette  iind  die  yezdanHoher 
Fettmenge  im  Bauhfatter.    Landta.  Vertueht'Stationm^  bd.  zii.  pp.  241 — ^256. 
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stages  of  germination,  before  the  radicles  commence  their 
function  oi  abstraction  of  nutriment,  air,  and  water,  from  the 
surromiding  media. 

In  their  reports  to  Her  Majesty's  Government,  in  respect  to 
feeding  of  cattle  with  malt  (1846),  Drs.  T.  and  B.  D.  Thomson 
give  the  following  as  the  average  composition  of  the  ash  of 

Silica          •••        ...        ...         ...        ...  29*67 

Phosphoric  acid 36'80 

Sulphuric  acid       0*16 

Chlorine      0*16 

Peroxide  of  iron 0*83 

1  iifrift  ...  ...  ...  ...  ...  O'Zu 

Magnesia 4*80 

Potash        ...         ...         ...         ...         ...       16'00 

Soda  ...         ...         ...         ...         •••        o*oo 

Traces  of  alumina  are  not  uncommon.  (The  analysis  of  the 
ash  of  the  malt  made  from  the  same  barley  will  be  found  on 
p.  146.) 

Professor  J.  T.  Way  and  Mr.  G.  H.  Ogston  published,  in 
1847 — 61,  the  results  of  a  series  of  elaborate  researches  into  the 
composition  of  the  ash  of  various  cereals  and  other  plants  used 
as  food  for  man  and  domestic  animals.  Their  experiments, 
conducted  with  the  utmost  care  in  the  laboratory  of  the 
Boyal  Agricultural  College  at  Cirencester,  indicate  the  intimate 
relations  subsisting  between  the  chemical  composition  of  soils 
and  manures  and  the  salts  absorbed  by  the  crops.  The 
analyses  of  the  ash  of  barley  grain  (on  p.  109)  are  taken  from 
the  fij^t  and  last  of  the  series  of  reports,  the  mean  of  the 
thirteen  being  as  follows : — 

Silica          ...        26*27 

Phosphoric  acid 82*05 

Sulphuric  acid       0*95 

Carbonic  acid         0*37 

Lmie          ...         ...         ...        ...         ...  2*41 

Magnesia 8*39 

Peroxide  of  iron 0*76 

Potash        26*30 

C/Ocia           •••         •••         ...         ...         ...  X  iSiS 

Chloride  of  potassium      0*  68 

Chloride  of  sodium           1*60 


10000 


Percentage  of  ash 2*13 

It  is  not  asserted,  nor  is  it  probable,  that  the  sulphuric  and 
carbonic  acids,  or  the  peroxide  of  iron,  exist  in  those  forms  in 
the  grain.    The  sulphur  and  carbon,  which  give  rise  to  the  acids 
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on  calcination^  doabtless  form  part  of  the  albmninons  principles, 
whilst  the  iron,  in  a  ferrous  state,  is  combined  with  organic 
acids,  as  are  such  of  the  other  bases  not  in  combination  with 
silica,  phosphoric  acid,  or  chlorine. 

Analyses  published  by  Prof.  Lermer*  in  1866  display  the 
composition  of  the  ash  of  barley  as  below — 


Silica     ... 
Phosphoric  acid 
Sulphuric  acid 
Chlorine 
Alumina 
liime 
Magnesia 
Potash  ... 
Soda 


Total  in  100  parts  of  barley  . . . 


0-70760 
0-79297 
001411 
003336 
000973 
009000 
017984 
0-65289 
0-02578 

2-40638 


In  the  Centralblatt  fiir  Agrikultur-Chemie  for  1882,  p.  42, 
Beischauer  shows,  by  analysis,  the  wide  range  in  composition,  as 
well  as  amount,  of  the  ash  of  barleys  from  different  districts,  and, 
on  p.  573  of  the  same  volume,  Montz  and  Hartley  give  the  results 
of  their  examination  of  the  ash  of  certain  cereals,  as  follows : — 


Water. 

ABh. 

IhtlieAih. 

« 

Fhosphorie 
Add. 

Magnwift. 

lime. 

PotMh. 

Barlej 
Bioe.. 
ICaize 
Gate.. 

13-7 
14-04 
14-26 
16-89 

2-76 
2-34 
1*02 
3-92 

26-3—38-8 

60-2 

63-7 
14-6—29-2 

2*9—11-0 
4-26 
18-6 
6-9—8-2 

1-2  —4*2 

7*2 

0-6 
1*38-8-86 

19-8—37*2 

20-2 

28-4 
13-1—24-3 

In  the  Polytechnisches  Journal  for  1883,  Michel  and 
Jackel-Handwerck  give  the  analyses  of  the  ash  of  eight  sorts  of 
barley,  as  followsf : — 


Hmiga- 
rlan. 

SUto- 
niaa. 

Batie- 
txm. 

Bohe. 

Fmn- 
oonian. 

BmU. 

Koia^ 
▼kn. 

Bwed" 
ieh. 

Silica          •  • 
Fhosphorio  acid    . . 
Sulphuric  acid 

Magnesia  .. 
Ferric  oxide 
Potaah                 •• 

0*699 
1-010 

0066 

0*009 

0*671 
0*790 

0-069 

0-013 

0*666 
1-078 

0*066 

0*016 

0*661 
0*923 
0*082 
0*062 
0*231 
0*016 
0*316 

0*826 
0*798 
0*147 
0*069 
0*229 
0*007 
0*608 

0*679 
0-817 

0*037 
0-216 
0-013 
0-628 

0-646 
0*804 

0*640 

0*009 

0*711 
0*767 
0*107 
0*067 
0*224 
0*003 
0*692 

Total  ash  .. 

2*690 

2-640 

2-860 

2*670 

2-810 

2*860 

2-660 

2*630 

xntr0|pe&    •  • 

1*809 

1*629 

1*877 

1*809 

1*869 

1*696 

1*760 

1*606 

*  Dfl^t.  Journ,  bd.  olxzix.  pp.  71—80. 
t  Fiofyt.  Journ,  bd.  cczlrii.  pp.  82—86. 
pp.  631—633  [1883]. 
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n. — ^NlTROGBNOUS    SUBSTANCBS. 

The  nitrogenooB  substances  found  in  grain  are  of  fia.r  more 
complex  character  than  those  with  which  we  have  just  dealt. 
They  are  not  only  of  undefined  (perhaps  nndefinable)  com- 
position, but  are  so  extremely  unstable  as  to  vary  even  in  the 
course  of  examination.  They  all  contain  carbon,  hydrogen, 
oxygen,  and  nitrogen,  and  many  also  contain  sulphur.  From 
their  general  similarity  to  albumen  they  are  termed  albu- 
minoids. By  heat,  after  expulsion  of  water,  they  bum  to  a 
black  cinder,  emitting  fumes  of  ammonia  and  acetic  acid. 
Some  few  albuminoids  are  crystallizable,  and  of  these  only 
can  it  be  said  that  their  composition  is  known  with  any 
approach  to  accuracy.  The  non-crystallizable  all  retain,  either 
mechanically  and  as  inseparable  impurities,  or  in  true  com- 
bination as  essential  to  their  existence,  mineral  salts  derived 
from  the  organisms,  animal  or  vegetable,  in  which  they 
originated.  These  salts  are  left  as  ash  when  the  cinder,  formed 
by  the  expulsion  of  all  volatile  matter,  is  deprived  of  its  ''fixed*' 
carbon  by  prolonged  calcination. 

All  the  albuminoids  soluble  in  water  are  coagulated  by 
boiling,  by  the  addition  of  mineral  acids  or  salts. 

The  coagula  are  insoluble  in  water,  alcohol,  or  ether,  but 
can  be  redissolved  in  hot  dilute  alkali  or  acid. 

Albuminoids  are  also  precipitated  by  tannin  and  by  alcohol. 
With  iodine  a  yellow  colour  is  produced,  which  becomes  red, 
and  ultimately  violet,  on  the  adaition  of  sugar  and  sulphuric 
acid.  A  red  tint  is  also  evolved  by  cupropotassic  hydrate,  or 
by  mercurous  nitrate  containing  free  nitrous  acid. 

The  solution  of  coagulated  albumen  made  by  boiling  in 
strong  hydrochloric  acid  is  violet-red,  that  in  nitric  acid  is 
yellow. 

The  chief  albuminoids  with  which  the  maltster  has  to  deal 
can  be  classified  as  glutens,  amides,  and  peptones. 

1.— Glutens. 

This  is  a  group-name  for  several  albuminoids  occurring  in 
grain,  the  principal  being  known  as  albumen,  caseine,  fibrine, 
gelatine,  and  mucedine.  Bitthausen*  states  that  wheat  con- 
tains all  these,  that  maize  and  rye  are  devoid  of  gelatine,  and 
the  latter  of  mucedine  also.  Ereusler,  the  results  of  whose 
researches  are  embodied  in  Bitthausen's  work,  found  that 
barley  was  free  from  gelatine,  and  that  oats  contain  no  fibrine 
or  mucedine. 

The  abundance  of  gelatine  in  wheat,  and  its  absence  from 
barley,  fit  these  grains  in  a  very  marked  manner  for  the  pur- 
poses to  which  they  are  severally  devoted,  the  one  to  form  a 

*  Die  Eiweinkorper  der  (Jetreideaiten,  HiilMiifrttohte  nnd  Oelflameii.  Bonn, 
1872.  Bnt  KdHRXKAWN  (Ber,  deutseh,  ehem.  Get,  bd.  ix.  p.  1887  [1876])  holds  that 
these  Berenl  ghitens  do  not  oooor  in  raw  grain,  but  are  developed  by  the  mode  of 
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light  spongy  bread  interspersed  throughout  with  air-cells,  the 
other  to  remain  loose  and  incoherent  in  the  mash-tun  during 
extraction  of  its  soluble  constituents. 

The  approximate  composition  of  the  principal  glutens  found 
in  grain  is  as  follows : — 


Allm- 
meo. 

Ouein. 

Fibxizie. 

OdAtlae. 

ICneedloje. 

Carbon 

62*86 

65 

64-66 

62-6 

540 

Hydzogen          

7-23 

7 

7-27 

7-3 

70 

Oxygea 

22-98 

23 

21-48 

21-1 

21-3 

Nitiog^eii .  •                    . .         •  * 

18-76 

17 

16-70 

18-6 

170 

Sulphur 

M8 

1 

1-60 

1-0 

0-7 

The  average  composition  of  the  mixture  of  these  substances, 
as  occurring  in  raw  grain,  is  suj£ciently  near  that  of  albumen 
for  that  substance  to  represent  the  wnole.  It  is  not  certain 
whether  the  term  diastase  be  legitimately  applicable  to  natural 
proteins,  or  whether  their  conversion  into  peptones  be  not  a 
necessary  condition  of  their  possessing  diastatic*  power.  This 
term  (from  the  Greek  Staarao'ig),  denotes  the  power  of  unstable 
proteins  to  transpose  the  atoms  of  the  complex  molecules  of 
the  isomeric  carbohydrates,  and  to  convert  insoluble  into 
soluble  matter. 

The  probability  of  molecular  changes  in  the  proteins  during 
examination,  and  of  the  development  of  diastatic  power  conse- 
quent upon  such  change,  renders  it  necessary  to  speak  of  these 
substances  with  the  greatest  caution  against  dogmatic  utter- 
ance of  what  are  necessarily  little  more  than  tentative  sugges- 
tions. 

Johnson  f  notes  that  albumen  boiled  with  lead  hydrate  dis- 
solved in  diilute  potash  produces  sulphide  of  lead,  but  boiled 
with  potash  alone  (of  sp.  gr.  1*08)  it  gives  no  trace  of  sulphide 
on  the  addition  of  lead  acetate,  till  concentrated  potash  (sp.  ^t. 
1*3)  be  added.  The  action  of  dilute  potash  appears  to  consist 
in  the  formation  of  a  tetrathionate  Ka  S4  Oa^  whence  concen- 
trated alkali  forms  sulphide. 

Bitthausen^  finds  tnat  a  considerable  portion  of  albumen 
dissolves  in  a  solution  of  common  salt ;  this  has  essentially  the 
same  composition  as  that  dissolved  by  very  dilute  alkali. 

The  chief  interest  attaching  to  the  albuminoids  of  barley  lies 
in  those  which  are  soluble  in  cold  water,  and  coagulable 
at  temperatures  below  150^  Fahr.  These  alone  possess 
diastatic  power,  the  point  of  chief  importance  to  the  users  of 
the  resulting  malt. 

*  Som«  writen  prsfer  the  oithognpliy  "  dlMtMio.**  Tbe  Greek  Terb  !e  Icoara* 
^id^tf,  "to  MTer^;  the  noon  is  dtd^a^cf,  '* Mparation " ;  bat  the  odjeotiTe  ie 
Sta^raTucSt,  '  *  prodortbe  of  leperKtioii."  Theee  words  are  used  bj  Plato,  Plateroh, 
mad  other  olaesio  aathon. 

t  Ck^m.  NeufM,  ToL  xlviL  p.  87  [1883]. 

I  Jtmm.  prakt.  Ckm,  f.  2,  bd.  zxvL  pp.  604—612  [1882]. 
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Brown  and  Heron  *  state  that : — 

"Barley,  before  geimination,  contains  more  soluble 
coagolable  albuminoids  than  after  the  malting  process  is 
completed.  The  following  table  gives  the  results  obtained 
by  coagulating  at  different  temperatures  equal  quantities 
of  normal  aqueous  barley  extract : — 

100  ex.  of  Normal  Barley  Extra^^tA 


Temperature. 

Oi«iiiB  of  Albumen 
cioagnlftted. 

Feroentageof  the 

total  qnantity  pred' 

pitated  at  lOQo 

Gentigxade, 

Centigrade. 

Val 

irenhel 
[122°] 

U 

0-068 

18-3 

eop 

'140°^ 

0*194 

56*5 

66«> 

'160^ 

0*233 

67-9 

76« 

'leo^* 

0-311 

90-6 

100® 

212^ 

0-343 

1000 

"  Although  the  actual  amount  of  coagulable  albumen  is 
considerably  greater  in  bsurley  than  in  malt,  the  percentage 
of  the  total  amount  precipitated  at  the  same  temperature 
in  each  case  is  very  similar. 

"The  coagulable  albuminoids  of  fresh  bsurley-extract, 
although  to  s3l  appearances  differing  but  little  from  those 
of  malt-extract,  possess  but  very  feeble  diastatic  power. 
Those  portions  which  sure  coagulated  only  at  temperatures 
above  66°  G.  are  without  action  upon  starch  paste, 
whilst  those  precipitated  at  temperatures  below  66° 
G.  have  a  feeble  action,  which,  however,  is  probably 
only  from  one-fiftieth  to  one-hundredth  of  the  intensity  of 
those  existing  in  solution  in  malt-extract  at  the  same 

temperature. 

•  •  •  •  • 

"It  is  possible  to  augment  the  transforming  power  of 
the  comparatively  inactive  albuminoids  of  barley  after 
their  separation  m>m  the  grain,  and,  consequently,  with- 
out the  aid  of  germination.  An  aqueous  extract  of  barley, 
which  is  submitted  for  a  few  hours  at  a  temperature  of 
30°  G.,  86°  FaJir.,  to  the  action  of  ordinary  yeast, 
has  its  power  of  transforming  starch  much  increased  by 
this  treatment.  A  mixture  of  yeast  and  pure  cane-sugar, 
placed  under  identically  the  same  conditions,  affords  a 
liquid  which  does  not  possess  the  slightest  action  upon 
starch.  It  is  evident  that  the  growing  yeast-cell  is  capable 
of  inducing  certain  modifications  m  the  albuminoids, 
which,  during  the  ordinary  process  of  germination,  are 
brought  about  by  the  action  of  the  living  vegetable  cell 
itself 

•  Joum.  CKim.  Soc,  vol.  xxxr.  pp.  652,  663  [1879]. 
t  Beriyed  from  fifty  grains  of  oarley  by  ooM  infnaioii. 
I  Square  brackets  enolose  additions  to  original. 
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"  This  cnrions  action  appears  to  be  confined  to  the 
saccharomyces.  Whenever  schizomycetes  only  are  present 
in  the  bsurley  extract,  the  infusion,  far  from  gaining  in 
diastatic  power,  rapidly  loses  that  which  it  originally 
possessed/' 

Farther  investigations  of  these  distinguished  authors  will  be 
noticed  in  dealing  with  the  composition  of  malt  (Chap.  XI.). 


2.— Amides. 

According  to  the  most  recent  researches,  a  proportion  of 
the  nitrogenous  matter  in  grain,  varying  from  a  tenth  to  a 
twentieth,  consists  of  soluble,  non-albuminous  bodies,  belong- 
ing to  the  widely  extended  class  of  amides  *  (including,  pro- 
bably, amido-acids,  carbamides,  &c.).  There  is  also  a  small 
roportion  of  ammonia  salts.  Amides  sxe  not  coagulable  by 
oiling,  and  yield  ammonia,  by  the  action  of  acids  and  distilla- 
tion, &om  magnesia. 

Some  of  the  amido-acids  are  precipitated  by  cupric  hydroxide. 
These  compounds,  as  occurring  in  barley,  have  as  yet  been 
but  little  stuoied. 


I 


8. — ^Pbptones, 

This  term  (from  vhrwy  I  cook)  implies  such  modification  of 
original  proteins  as  cooking  is  wont  to  produce.  The  same 
results  ma^  be  brought  about  hj  other  means  than  the  applica- 
tion of  artificial  heat,  and  the  differences  noticeable  in  imma- 
ture, ripe,  and  over-ripe  grain  possibly  depend,  in  part  at  least, 
on  the  natural  peptonisation  of  more  or  less  of  the  protein 
elements.  But  the  presence  of  peptones  in  the  raw  grain  being 
BO  uncertain,  the  consideration  of  their  composition,  &c.,  will 
be  more  fitly  deferred  to  a  subsequent  chapter.  Chap.  XI.,  which 
deals  with  the  nature  of  maJt,  although  some  authors  declare 
that  even  malt  contains  no  peptones  prior  to  mashing.  It 
mav  be  remarked,  however,  that  peptomsation  is  a  process  of 
hyoration,  and  that,  by  dehydrating  treatment,  peptones  can 
be  converted  into  glutens.  Doubtless  other  molecular  changes 
than  the  addition  or  subtraction  of  water  take  place  con- 
currently in  these  operations. 

*  ThiB  name  has  no  oonneotion  with  amidin  (starch),  but  implies  affinitj  with 
ammonia. 
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CHAPTER  X. 

MALT. 

<*  This  Pandare  tliat  nigh  malt  for  wo  and  ronth 
Fall  often  aajed,  Alas,  what  may  this  be  P  " 

Chauobb,  Tzoilns  and  Gresida,  toI.  ii.  bk.  i.  p.  19. 

Malt:— 
Definition  of   Malt.      Physical  Indioations,    Essential   and   Kon-easentiaL 
Growth.    Tests.    Slackness.    Effects  of  Slackness.    Age.    Odour.    Condi- 
tion.   Bolnbilily.    Tenderness.    Cleanliness.    Flayoor.    Sixe,    Uniformity. 
Colonr.    Appearance.    Weight. 

Haying  considered  at  length  all  the  materials  used  in  malt 
making,  it  is  necessary  to  describe  the  composition  and 
characteristics  of  malt  before  entering  into  the  processes  of 
manufacture  usually  adopted  by  both  civilised  and  savage  man. 

I  shall  thus  keep  to  the  natural  and  proper  divisions  of — 
I.  Materials;  II,  Buildings  and  Tools;  UI,  Processes  of 
Manufacture. 

In  the  opinion  of  many  people,  malt  is  germinated  and  dried 
barley,  solely. 

This  definition  is  entirely  delusive,  for  malt  is  any  com, 
grain,  or  seed,  which  has  been  axtificially  germinated  within 
certain  limits.  In  all  ages,  other  erain  than  barley  has  been 
made  into  malt,  and,  quite  recently,  it  has  been  clearly  and 
practically  shown  that  malt  is  made  altogether  independently 
of  the  process  of  germination.  Combined  heat  and  pressure, 
or  gelatinisation,  are  now  producing  malt  in  considerable 
quantities  from  grain  incapable  of  growth. 

This  fact  establishes  tne  wealbiess  and  inaccuracy  of  all 
definitions  of  malt  which  term  it  germinated  com,  unless  it  be 
decided  that  any  substance,  to  possess  rightly  the  title  of  malt, 
must  contain  within  itself  the  characteristic  of  germination, 
commonly  called  diastase,  or,  still  more  strictly,  must  be 
germinated  barley.  For  the  purposes  of  this  book,  the 
extended  meaning  will  be  accepted,  so  that  the  interesting  and 
valuable  processes  of  gelatinisation,  &c.,  may  be  desciibed  and 
considered. 

An  immense  variety  of  substances  can  be  converted  into 
malt,  A  considerable  number  of  these  substances  can  be 
manufactured  into  a  variety  of  differing  malts,  distinguished 
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chiefly  by  differences  of  colour.    The  tint  necessarily  indicates 
modincations  in  the  grain  other  than  of  colour. 
Thus  we  have — 

Diastatic  malt  duly  germinated,  gelatinised,  and  unger- 

minated ; 
Koji  rendered  diastatic  by  mycelium,  or  mould ; 
Bousa  and  chica  diastased  by  saliva. 

The  germinated  malt  may  be  prepared  from  any  of  the 
materials  already  enumerated,  or  others.  I  have  already 
sufi&ciently  regarded  the  minor  grains,  and  shall  now  consider, 
chiefly,  barley-malt. 

The  chief  varieties  of  barley  malt  are  as  follows : — 

I. — ^White,  pale,  and  high-dried  malt ; 
II. — ^Amber,  crystal,  and  imperial  malt ; 
m. — ^Blown,  brown,  and  porter  malt ; 
lY. — ^Black,  roasted,  or  patent  malt. 

Modifications  of  colour  are  the  chief  conmiercial  distinctions 
between  malts.  The  one  term,  pale  malt,  may  include  every 
sort  and  condition  of  baxley,  from  every  part  of  the  world  from 
which  it  is  possible  to  manufacture  pale  maJt.  The  range  may 
extend  also  from  the  air-dried  malt  that  has  never  been,  when 
drying,  above  a  temperature  of  90^  Fahr.,  up  to  a  sound  malt 
that  has  been  for  many  hours  heated  to  220°  Fahr.  upon  a  kiln. 

The  uses  to  which  maJt  is  put  axe  also  very  varied.*  It  is 
still  chiefly  used  in  brewing,  but  it  is  increasingly  employed  in 
distilling,  as  food  for  men  and  animals,  in  the  preparation  of 
medicines,  t  and  for  many  minor  purposes. 

Until  very  recently  malt  has  been  bought  and  sold  by  makers 
and  users  alike  (with  few  exceptions)  by  the  casual  observation 
of  its  character,  without  resorting  to  a  single  test  by  means  of 
which  the  judgment  derived  from  experience  could  be  aided. 

*  Bnnde*!!  £noyolop«diA  of  Sdenoe  and  Mannfaotnre  states  (p.  706)  that  malt  is 
used  only  for  maldng  oeer.  It  further  states  that  the  qoantitj  of  malt  made  in 
Gnat  Britain  in  1838  was  418,148,811  bushels  ! 

t  A  paper  read  bj  Professor  J.  R.  Uhler  before  the  Amerioaa  Medioal  OonTen- 
tion  in  x7ew  York,  mentions  the  following : — 

*'  The  extract  of  malt  and  hope,  or  srluoose  and  dextrine,  is  prepared  upon  a  laige 
**  scale  in  the  foUowing  manner.  Malted  barlej  is  groimd  and  nlaoed  on  a 
**  perforated  diaphragm  in  a  mash  tub,  and  water  of  168°  Fahr.,  or  less,  run  on, 
**  thoroughly  mixed,  and  allowed  to  remain  for  one  and  a-half  hours.  At  first  the 
'*  temperature  slightly  rises,  but  afterwards  falls  to  164°  Fahr.,  or  less,  when  the 
"  liquor  is  withdrawn  and  oonoentrated  in  yaouo,  until  the  saocharometer  registers 
"  26.  Hops  are  now  added,  and  after  the  virtues  are  extracted  the  liquor  is  stained 
'*  and  a^am  oonoentrated  in  Taouo.  The  final  step  is  Uie  addition  of  suf&oient 
**  glyoerme  to  prerent  fennentation,  a  formidable  obetaole  when  the  manufacture 
**  was  first  commenced.  Medical  men  who  hare  largely  used  it  speak  most 
**  faTourably  of  its  action ;  it  is  among  the  few  remedies  of  the  kind  that  are 
"  presented  in  the  fluid  or  soluble  condition.  Its  power,  when  properly  prepared, 
**  to  oouTert  starch  into  maltose  is  rery  great,  a^  has  been  proved  by  mquent 
**  experiment.  In  the  market  it  is  offered  in  Various  comUnations,  such  as  oftrate 
"  of  iron  and  quinine,  glucose  and  dextrine,  with  hypophosphites,  malt  wine  and 
**  iioD»  cod-liver  oil,  extract  of  malt,  with  hypophosphites  of  lims^  etc*' 
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Comparatively  simple  practical  tests  have  gradually  been 
adopted  in  transactions  of  magnitude,  and  for  some  years  a 
rapidly  increasing  number  of  brewers  have  been  trained  by 
experts  to  the  use  of  a  number  of  accurate  tests  of  the  value  of 
malt.  The  enormous  influence  exerted  by  malt  upon  beer  has 
been  finally  appreciated  by  brewers.  This  influence  has  at  last 
been  recognised,  and  traced  to  the  conditions  of  growth  and 
storage  of  the  grain  used,  and  finally  to  such  influences  as 
temperature,  humidity,  and  access  of  air  exert  upon  malt  in 
the  first  instance,  then  its  conduct  in  brewing,  &c.,  and, 
finally,  its  results  in  the  ultimate  products. 

These  facts  point  to  the  conclusion  that  further  variations  of 
the  character  of  malt  are  effected  by  differing  conditions  of  each 
of  the  processes  through  which  the  grain  made  into  malt 
passes. 

The  sequence  of  these  considerations  must  ultimately  lead  to 
the  conclusion  that,  if  any  particular  end  is  desired,  or  special 
character  is  to  be  communicated  to  beer,  or  any  other  product 
of  malt,  care  will  have  to  be  taken  in  the  primary  selection  of 
the  com,  and  in  conducting  every  after-process  which  it 
undergoes. 

It  has  been  already  shown  how  great  a  variety  of  materials 
can  be  employed  in  making  malt.  As  each  material  can  be,  and 
usually  is,  affected  greatly  by  each  of  the  numerous  processes 
through  which  it  passes,  it  will  readily  be  conceded  that  the 
diversity  of  character  of  malt  must  be  indeed  large. 

The  extent  of  the  subject  renders  it  necessary  to  divide  the 
examination  of  malt  into  the  two  divisions — 

I.  Physical  and  external  indications. 
II.  Chemical  or  analytical  tests. 

By  the  physical  examination  it  is  easy  to  determine  the 
majority  oi  the  characteristics  derivable  from  the  barley  or 
grain  already  enumerated,  and  also  a  number  of  the  conditions 
induced  by  the  processes  com  passes  through  in  course  of 
manufacture  into  malt. 

Barley  or  other  corn  is  liable  to  many  defects.  Some  of  these 
are  incapable  of  recognition .  in  malt,  and  in  addition ,  defects, 
firequently  numerous,  arise  from  ignorance  and  improper 
management  in  manufacture  and  storage.  Some  of  them  are 
capable  of  easy  recognition  ;  others  baffle  the  skill  of  the  wisest 
and  most  experienced,  and,  in  our  present  state  of  compaxative 
ignorance,  are  completely  beyond  our  grasp. 

The  points  of  malt  easy  of  determination  differ  but  little  from 
those  of  barley,  although  the  relative  importance  of  the 
essential  and  non-essentisJ  characteristics  is  curiously  changed 
in  all  points  excepting  growth,  the  equivalent  or  outcome  of 
vitality  in  barley. 

Brewers  may  differ  from  me  in  regarding  this  as  an  essential 
at  all,,  but  I  am  writing  of  malt  as  a  beer-ingredient,  or  wort- 
producer.* 

*  A  curious  illustration  of  the  influenoe  of  the  brewers*  views  on  this  point  was 
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List  of  the  Characteristics  of  Malt. 

Essentials : — 

1.  Growth. 

2.  Slackness. 

3.  Age. 

4.  Odour. 

5.  Condition. 
6    Cleanliness. 
7.  Flavour. 

Non-essentials : — 

1.  Size. 

2.  Uniformity. 

3.  Colour. 

4.  Appearance. 

5.  Weight. 

Originally  malt  was  valued  by  appearance  and  weight.  Many 
appearances  are  deceptive,  or  require  great  judgment  by 
experience  rightly  to  estimate  them.  The  actual  weight  of 
malt  is  even  more  deceptive,  especially  to  one  unaccustomed  to 
malts  made  in  various  districts. 

The  whole  trade  suffers  from  the  want  of  a  universal  standard 
for  quotation.  **  Fine  malt "  at  Edinburgh  has  not  strictly  the 
same  meaning  at  London,  Norwich,  Ware,  Plymouth,  or 
Dublin.  Indeed,  any  two  separate  districts  have  differences 
in  value  which  are  unexpressed.  They  are  not,  however, 
inexpressible ;  and  so  long  ago  as  the  commencement  of  this 
century  Mr.  Shannon*  suggested  a  very  excellent  plan  which, 
if  adopted,  would  have  given  much  more  fixed  value  to  the 
market  terms  now  in  use.  So  soon  as  the  saccharometer  was 
practically  used  by  brewers  the  opportunity  of  employing  some 
set  phrase  was  offered.  Shannon  suggested  the  word  par, 
which  should  be  the  equivalent  of  the  term  "proof"  in  spirit 
and  wine  transactions,  fixing  par  at  80  lb.  extract  per  quarter. 
Any  sample  of  malt  that  would  yield  84  lb.  would  be  four 
above  ^ar,  or  if  the  extract  yielded  were  75  lb.,  then  it  would 
be  termed  five  below  par,  and  so  on. 

Theoretically  this  is  an  excellent  suggestion,  but  in  practice 
it  has  never  been  adopted.  Maltsters  so  rarely  knowliow  to 
estimate  the  extract  value  of  any  sample  of  malt,  that  it  would 
be  impossible  for  them  to  speak  of  the  true  grade  of  their  malt 
as  either  above  or  below  par.  They  find  by  experience  that 
they  cannot  invariably  rely  upon  the  statements  of  amount  of 
extract  made  to  them  by  consumers. 

A  still  greater  difficulty  lies  in  the  fact  that  the  extractive 

fumiahed  in  the  original  compilation  of  the  folio win^^  list.  After  mnoh  referenoe 
and  reflection  I  wrote  it,  and  placed  the  qualities,  as  I  thought  of  them,  in  the 
following  order : — Size,  weight,  uniformity,  colour,  appearance,  odour,  condition, 
growth,  slacknesH,  age,  cleanlinem,  flavour.  I  thus  put  all  the  non-essentials  flwt, 
and  only  by  logical  analysis  were  they  afterwards  arranged  in  proper  order.  Many 
other  practical  brewers  and  buyers  of  malt  might  probably  do  the  same. 
*  A  Practical  Treatise  on  Brewing,  DistiUing,  &o.,  p.  16G. 
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value  of  malt  is  not  the  only  test  or  gauge  of  its  intrinsic  or 
commercial  value. 

Malt  materially  differs  from  country  or  British  barley  in 
respect  to  samples.  Farmers  usually  take  samples  of  one 
unmixed  growth  which  is  comparatively  uniform.  Any  heap 
of  malt  in  an  ordinary  malthouse  is  necessarily  of  a  more  mixea 
character  even  than  the  barley  from  which  it  has  been  made ; 
for  the  variations  of  temperature,  air-supply,  and  humidity  of 
air  are,  in  the  vast  bulk  of  malthouses,  beyond  control,  and 
these  conditions  necessarily  affect  to  a  considerable  extent 
the  character  of  every  floor  of  malt  made,  and  cause  variations 
in  one  bulk,  or  growth  of  barley. 

To  take  a  sample  of  malt,  therefore,  it  is  very  desirable  to 
procure  an  equal  quantity  from  as  many  points  as  possible  of  a 
heap  or  bin.  The  sample  when  drawn,  if  not  immediately  used 
or  tested,  should  be  kept  in  a  tight  tin,  or  stoppered  bottle,  and 
all  air  absolutely  excluded.  As  the  moisture-percentage  is  one 
of  the  most  important  factors  of  value,  and  malt  is  remarkably 
hygroscopic,  anv  sample  kept  in  a  bag,  or  otherwise  exposed  to 
the  air,  if  only  for  a  few  hours,  is  no  longer  a  fair  sample  of  the 
bulk. 

This  is  true  of  all  descriptions  of  malt,  but  especially  so  of 
crystal  malt,  which  is  extremely  affected  by  slackness.  If  it  be. 
allowed  to  remain  exposed  to  air  for  any  considerable  period 

})rior  to  ^nding,  it  will  bind  in  a  complete  mass,  of  tenacious 
eather-hke  consistence,  upon  the  rolls,  rendering  it  impossible 
to  drive  the  mill. 

The  characteristics  of  malt  are  incapable  of  such  clear 
definition,  or  division,  as  those  of  barley.  In  some  respects 
they  Bxe  much  simplified,  but  in  others  the  influences  of  the 
complex  processes  of  malting  have  to  be  duly  considered. 
These  are, however, the  most  difficult  to  estimate;  for  the  most 
searching  analysis,  and  the  practical  test  of  the  forcing  tray, 
are  not  always  capable  of  determining  the  true  composition  or 
character  of  the  malt. 

The  tests  of  the  chemist  during  the  fall  examination  in  the 
laboratory  are  chiefly  to  determine  the  following  points : — 

The  yield  or  percentage  of  extractive  matter. 

The  nature  or  composition  of  such  extract.  (The  actual 
jrield  and,  roughly,  its  commercial  value,  are  comparatively  easy 
of  determination.) 

The  nature  and  composition  of  the  wort  yielded  by  malt  are 
extremely  difficult  to  determine. 

The  patient  and  arduous  examinations  of  many  distinguished 
brewers  and  chemists  have  thrown  very  much  light  upon  the 
subject,  but  all  that  is  known  leaves  still  much  to  be  discovered, 
and  proved.  Our  own  countrymen,  Messrs.  0*Sullivan,  F.E.S., 
Brown,  and  Heron,  have  taken  a  very  high  and  honourable 
position  in  this  abstruse  subject,  and  many  foreign  names 
have  become  familiar  to  English  brewers  in  association 
with  it.      Still,  those  who    know   most   about  it   are  most 
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willing  to  admit  how  imperfect  all  our  knowledge  is,  and  how 
mnch  remains  to  be  learned. 

This  may  be  taking  the  subject  into  the  brewers'  province, 
but  a  maltster  who  cannot  thus  follow  it,  is  defectively  trained. 
The  maltster  should  regulate  his  proceedings  in  the  malthouse 
under  the  guidance  of  the  brewer  if  incompetent  to  settle  any 
point  or  practice  for  himself. 


I. — Physical   Examination   of   Malt. 
Essential  Characteristics  of  Good  Malt. 

Growth. — As  vitaUty  in  barley  is  the  characteristic  of 
greatest  value  to  the  maltster,  the  growth  of  malt  is  also  the 
main  factor  in  considering  its  positive  and  comparative  values. 

The  word  growth  has  a  wider  signification  than  vitality;  for, 
although  no  bsurley  can  possibly  possess  too  much  vitality,  malt 
which  IS  grown  too  mucn  is  of  greatly  reduced  value. 

Com  which  is  irregularly  grown,  or  has  the  acrospire  very 
imperfectly  developed,  is  not  good  malt. 

Any  com  which  remains  ungerminated  is  not  malt  at  all 
(unless  it  be  gelatinised),  for  the  conversion  of  a  barley  corn 
into  malt  is  indicated  clearly  by  the  degree  of  development  of 
the  acrospire,  and  in  ungerminated  com  the  acrospire  is  dor- 
mant. This  degree  of  growth  is  commonly  spoken  of  as  the 
length  a  com  is  backed — i.e.,  the  growth  of  the  acrospire,  or 
plumule,  up  the  back  of  the  kernel. 

The  paramount  importance  of  growth  is  consequently  obvious. 
It  is,  perhaps,  rare  to  find  brewers  who  subject  malt  to  close 
and  careful  scrutiny  prior  to  its  purchase.  It,  however,  pays 
well  to  devote  attention  to  the  suDject.  The  following  taoles 
indicate  the  differences  which  exist  in  malt.  They  are  com- 
piled with  a  view  of  illustrating  the  growth  of  malt,  and  are 
not  intended  to  be  used,  even  remotely,  to  serve  as  any  basis 
for  comparison  of  localities,  or  class-qualities. 

A  very  great  deal  of  light  may  be  thrown  upon  the  value  of 
a  sample  by  its  analysis,  as  indicated  in  the  following  tables. 
All  that  is  needed  is  a  little  patience,  and  the  labour  is  well 
repaid  by  the  knowledge  gained. 


Perfectly  grown  big  oom 
Perfectly  grown   medium-sued 
oom      •  •         ••         •  •         . . 

Perfootly  grown  anall  oom 
Imperfectly  grown  big  oom 
Imperfectly  grown  mMium  oom 
Imperfectly  grown  small  com .  • 


Nor- 
folk. 

Euez. 

Scotch. 

Dor> 
■et. 

8m1. 

Danu- 
biaa. 

64 

17 
6 
2 
7 
6 

67 

12 
7 
1 
9 

14 

69 

14 
2 
6 

13 
6 

64 

17 

6 

2 

11 

11 

40 

32 

18 

2 

8 

21 

19 
11 

17 
32 

100 

100 

100 

100 

100 

100 

Chi- 
lian. 


67 

2 

26 
6 


100 
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Of  the  perfectly  grown  com  the  trae  bulk-percentages  were — 


Nor- 
folk. 

Eaaex. 

Scotch. 

Dor- 
nt. 

Sul. 

Dana- 
bian 

CU- 

lian. 

Acrospire,  seren-eig'liths  up  book 
„        oyerone-naJf       „ 

67 
19 

41 
35 

7 
68 

39 
37 

19 
71 

10 
41 

66 
3 

Imperfectly  grown  com— 


Acroepire  nm  ont 

,,        lesB  than  ^  up  back 
Ungrown  (dead) 
Damaged  as  barley 

in  malting     . . 

by  insects 


9 

2 

'^ 

2 

3 

.^_ 

8 

— 

6 

16 

18 

... 

42 

12 

— 

3 

11 

^ 

1 

1 

6 

1 

4 

3 

2 

6 

3 

1 

2 

2 

6 

1 

^ 

1 

3 

2 

•"" 

-^ 

1 

— 

2 

1 

100 

100 

100 

100 

100 

100 

100 

Percentage  of  mouldy  coins     • 

IViable  malt 

Hazd-ended  and  vitreous  malt 


9 

12 

24 

4 

7 

6 

94 

82 

16 

91 

64 

66 

4 

3 

47 

2 

36 

41 

3 

90 
9 


To  determine  percentages  of  growth  with  accuracy  (as  above), 
it  is  necessary  to  take  the  average  of  several  different  countings 
of  at  least  600  grains  in  all. 

A  very  common  but  unreliable  test  of  the  growth  of  a  sample 
commends  itself  for  its  simplicity  and  convenience.  A  fixed 
number,  commonly  100,  of  malt  corns  is  counted.  These  are 
placed  in  a  glass,  and  cold  water  is  poured  upon  them,  or 
they  are  thrown  into  a  glass  of  water,  and  stirred  to  ensure 
uniformity  of  wetting,  and  prevent  the  keeping  up,  by  the 
adhesion  of  air-globules,  corns  that  would  sink.  The  malt  is 
by  this  means  graded  into  four  qualities  : 

I.  Those  that  float  at  the  surface  horizontally. 

n.  Those  that  float  at  the  surface  with  one  end  more  or  less 
depressed. 

ni.  Those  that  sink  to  the  bottom. 

IV.  Those  that  sink  to  the  bottom  lying  flat,  but  stand  more 
or  less  on  one  end. 

Upon  examination,  it  will  be  found  that  all  of  Class  I.  are 
good,  weU  grown,  malt  corns.  II.  may  or  may  not  be  a  little 
hard  or  unmalted  at  the  depressed  end.  This,  however,  is 
somewhat  ruled  by  the  age  and  storage  of  the  malt,  for  if  a 
samiile  be  tested  shortly  siter  leaving  the  kiln ;  and  again  six 
weeks  afterwards,  it  will  be  found  that  the  indications  vary 
widely,  particulaxly  if  the  malt  has  been  properly  stored  and 
sweated.  All  corns  in  Grade  III.  are  germinated  comparatively 
slightly,  whilst  those  in  Grade  IV.  have  very  generally  ger- 
minated but  little,  or  have  been  altogether  idle. 

This  test  is  frequently  used,  probably  more  than  any  other, 
but  if  the  mere  counting  and  casual  inspection  of  the  com 
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only  be  practised,  without  close  and  critical  examination  of  the 

f>lamale8  of   the  sunken  corns,  it   is  very  frequently  mis- 
eading. 

The  chief  reasons  ^hy  growth  in  malt  is  of  such  importance  - 
are  revealed  by  its  chemical  examination,  when  it  is  found  that 
germination  induces  in  all  cereals  changes  of  a  most  marked 
and  complex  character.  As  a  fact,  the  whole  of  the  soluble 
constituents  of  the  grain  are  virtually  rearranged.  These 
changes  are  in  themselves  considerable,  but  they  become  much 
intensified  or  more  powerful  by  the  aid  of  diastase,  when  malt 
is  infused  at  certain  easily  and  frequently-attained  tem- 
peratures. 

The  great  evil  of  ungerminated  com  is  that,  in  addition  to 
its  loss  of  the  benefits  of  growth,  it  suffers  from  a  very  general 
tendency  to  decay,  and  also  to  encourage  mould  during  malting. 
Each  dead,  broken,  or  damaged  corn  becomes  a  centre  of  con- 
tagion, upon  which  a  vast  number  of  mould-plants  and  other 
low  organisms  fasten,  and  then  distribute  their  germs,  spores, 
or  microbes,  to  all  other  grain  in  contact  with  them. 

Slackness. — Few  things  are  more  easily  determined  than 
the  percentage  of  moisture  in  malt.  No  other  characteristic 
influences  its  value  more  completely.  Yet  not  one  per  cent,  of 
the  malt  made  has  ever  proper  attention  paid  to  it  to  prevent 
it  becoming  slack ;  nor  does  even  so  large  a  proportion  of  the 
maltsters  of  Britain  know  how  much  water  they  sell,  or  of 
the  brewers  how  much  water  they  buy,  in  malt. 

The  slacker  malt  is,  or,  in  other  words,  the  more  water  it 
contains,  the  smaller  will  be  the  total  extract  it  affords,  and 
the  less  value  will  the  extract  possess,  for  no  malt  can  absorb 
any  moisture  and  remain  unaffected  detrimentallv  by  it. 

When  this  fact  is  accepted  and  understood,  tne  removal  of 
malt  in  sacks  by  rail  or  sea  in  our  humid  climate  will  be 
abolished,  and  maltings  at  great  distances  from  the  brewery 
will  be  abandoned. 

In  an  American  brewing  paper  of  repute,  quite  recently,  it 
was  gravely  stated  as  an  absolute  necessity  to  sprinkle  two  to 
three  per  cent.,  by  weight,  of  water  upon  the  malt  twenty-four 
hours  before  use,  turning  it  several  times  to  ensure  regular 
absorption.  The  object  was  to  ensure  tap-running  without 
difficulties. 

It  is  currently  believed  that  re-drying  slack  malt  makes  it  as 
fit  for  use  as  sound  malt  well  dried.  If  when  slack  it  could  be 
demonstrated  that  the  moisture  present  (evidenced  by  the  slack- 
ness) did  not  influence  badly  the  albuminous  matters,  it  might 
then  be  proved  that  slack  malt  redried  was  not  a  damaged 
article.     It  does  not  appear  reasonable  to  expect  this;  and, 

Eractically,  such  malt  can  be  redried  as  thoroughly  as  possible, 
ut  the  influences  of  the  slackness  can  be   detected  during 
mashing,  fermenting,  and  storing,  with  absolute  certainty. 

The  power  of  all  malt  to  absorb  moisture  is  very  great.  The 
main  cause  is  probably  the  hygroscopic  character  of  the  sac- 
charine, albummoid,  and  colouring  principles.    This  appears 
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to  be  evidenced  by  the  fact  that  brown,  crystal,  and  patent 
malts  become  much  more  easily  clun^  or  slack. 

Malt  of  any  kind  is  permanently  injmred  by  the  absorption  of 
moisture  before  it  is  perceptibly  slack,  and  the  ordinary  test  of 
slackness  by  biting  individual  grains  is  inadequate  and  un- 
reliable. 

The  methods  adopted  to  prevent  this  evil  are  explained  in 
Chapter  XXI. 

In  addition  to,  and  perhaps  concurrently  with,  the  evils  of 
slackness  already  described,  the  great  power  of  moisture  to  aid 
the  spread  and  development  of  mould  is  insufficiently  con- 
sidered by  maltsters.  Despite  every  care,  it  is  frequently  im- 
possible to  keep  growing  malt  free  from  mould.  It  has  been 
proved  experimentally  that  mould-spores  retain  their  vitality 
for  years,  after  undergoing  the  highest  temperatures  malt  is 
subjected  to.  So  long  as  the  malt  remains  dry  these  spores 
continue  dormant ;  but  the  absorption  of  a  small  percentage  of 
moisture  furnishes  them  with  the  final  necessary  condition  for 
development  and  reproduction.  Slack  malt  is,  accordingly,  very 
generally  more  or  less  mouldy. 

Age. — The  age  of  malt  has  never  been  sufficiently  considered 
by  maltsters,  brewers,  or,  indeed,  any  other  users.  The  cause 
for  this  has,  doubtless,  been  the  apparently  inevitable  necessity 
to  use  malt  of  widely  varying  age.  Few  brewers  like  to  use 
malt  stored  for  a  less  period  than  six  weeks.  They  unhesi- 
tatingly use  it  after  many  months'  storage,  commonly  betraying 
entire  indifference  as  to  the  nature  of  the  store,  or  the  influences 
of  air  or  heat  brought  to  bear  throughout  the  time. 

Yet  the  readiness  with  which  wort  breaks  or  clears  in  the 
copper  when  boiling,  is  largely  ruled  by  the  age  of  the  malt 
mashed.  Turbid,  badly-separating,  stubborn,  and  opalescent 
beer  is  generally  produced  from  the  malt  used  being  too  young 
or  new.  Very  old  malt,  or  indeed  anything  over  four  months 
old,  is  commonly  slack.  Even  if  it  be  not,  it  suffers  in  odour 
and  condition.  There  is,  imfortunately,  no  reliable  test  for 
age ;  nor  are  the  differences  in  appearance  of  old  and  new  malts 
such  that  they  can  be  described  verbally. 

Pneumatic  maltings  render  altogether  needless  and  unneces- 
sary the  use  of  any  malt  differing  in  age  more  than  a  very  few 
weeks.  Barley  may  be  stored  for  many  months  without 
material  injury,  but  malt  cannot  be  so.  As  pneumatic  malt- 
ings can  work  all  the  year  round,  the  supply  of  new  malt  can 
be  regulated  entirely  by  the  quantity  consumed,  and  the  reserve 
of  corn  is  best  retained  unmalted. 

Odour. — The  odour  of  malt  is  important  in  determining,  to 
some  extent,  the  manner  of  making  and  storing.  Good  malt  has 
a  pleasant  well-known  aroma  special  to  itself.  In  examining  a 
sample,  it  is  always  advisable  critically  to  smell  the  unbroken 
malt,  and  then  in  a  small  ivory  or  hard-wood  pestle  and  mortar 
(Fig.  100)  to  crush  a  few  grains  thoroughly,  and  detect  the 
aroma  thrown  off.  This  is  sometimes  faint  and  unpleasant. 
If  so,  the  malt  is  unfit  for  use.    If  the  scent  be  fresh,  strong, 
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axid  good,  it  indicates  proper  attention  to  drying  in  the  kiln,  and 
the  malt  may  be  safelj^  used. 

Odonr  is  almost  entirely  ruled  by  drying  and  storage.  Should 
any  mould  exist,  a  good  olfactory  organ  can  detect  it  at  once. 

Condition. — The  term  condition  has  to  be  expressive  of  a 
variety  of  qualities  of  malt.  It  embraces  quality  of  barley, 
solubUity,  tenderness,  friabiUty,  glassiness,  &c.  No  strict  line 
of  demarcation  can  be  drawn  in  the  definition  of  condition ; 
for  some  of  the  chsuracteristics  commonly  attributed  to  it  axe 
more  conveniently  classed  under  colour,  odour,  flavour,  appear- 
ance, age,  slackness,  &c.,  &c. 

Qimlity  of  Barley, — The  general  condition  of  malt  is  about 
equally  affected  by  the  mode  of  making,  condition  of  storage, 
and  quality  of  the  barley  used.  Good  barley,  but  badly 
managed  and  worked,  often  produces  inferior  malt.  Barley 
out  of  condition,  or  inferior  in  a  variety  of  ways,  is  very 
frequently  made  by  skilful  maltsters  into  useful  malt.  In 
ve^  rare  cases,  however,  is  any  positive  evil  in  barley  eradi- 
cated.  At  best,  it  is  but  coloured  over  or  hidden.  In  con- 
sideration of  size,  weight,  colour,  appearance,  odour,  flavour, 
and  growth,  it  is  always  necessary  to  remember  this,  and  make 
such  allowances  as  each  particular  case  demands.  Experience 
alone  can  teach  how  to  do  this. 

Solubility. — The  solubility  of  malt  merits  more  attention 
than  it  receives.     The  character  of  the  barley  and  the  malting 

Erocesses  alike  afifect  this.  Coarse,  thick-skinned,  big  barley, 
:om  heavy  soils,  will  frequently  make  malt  which  is  com- 
paratively insoluble,  especially  if  coarsely  ground,  and  mashed 
with  hard  water  at  high  temperatures. 

Tenderness,  Friability,  Glassiness, — These  opposite  charac- 
teristics of  malt  formerly  held  a  very  prominent  place  in  the 
determination  of  values.  Good  maJt  was  always  expected  to 
be  tender  and  friable.  If  bitten,  it  should  be  crisp  and  crumble 
readily  under  the  teeth,  and  should,  if  drawn  across  a  black 
board,  leave  a  mark  white  and  clear  as  soft  chalk.  The  term 
cretaceous  was  frequently  applied  to  it. 

Bad  or  inferior  malt  was  frequently  glassy,  or  vitreous,  and 
all  vitrified  malt  was  naturally  regarded  as  decidedly  inferior. 
Now  that  brewers  have  acquired  wide  experience  in  the  use  of 
raw  grain,  tenderness  is  less  important  than  before. 

The  causes  of  hardened  or  vitreous  malt  are,  generally, 
imperfect  growth,  or  irrational  drying.  In  both  cases  the  evil 
is  of  material  importance.  If  malt  is  purchased,  it  ought  to 
influence  price  more  largely  than  it  does.  If  a  brewer  makes 
it  for  himself,  it  indicates  a  great  degree  of  carelessness  or 
ignorance  of  a  serious  kind.  The  tests  for  glassiness  are 
simply  biting  and  floaUng  in  water,  as  in  test  for  growth.  The 
water  test  is  the  more  reliable,  as  imperfectly-grown  corns  are 
almost  always  steely  and  bad,  but  steely  malt  which  is  grown 
well  is  not  always  inferior.  Some  Algerian  and  Danubian, 
or  other  hot-climate  barleys,  make  apparently  flinty  malts, 
which  give  very  good  results  when  brewed.     Malt  which  is 
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vitrified  upon  kiln,  by  raising  the  heat  too  rapidly  at  the  earlier 
stages  of  drying,  is  considerably  damaged.  When  corns  that 
have  grown  well  are  flinty,  it  is  generally  the  result  of  bad 
drying. 

Cleanliness. — ^When  maltsters  paid  duty,  they  very  gene- 
rally screened  all  barley  prior  to  steeping,  with  the  object  of 
removing  the  thin  corn  and  dirt,  upon  which  it  was,  of  course, 
absurd  to  pay  a  duty  which  amounted  to  over  a  pound  sterling 
per  quarter  of  eight  bushels.  As  a  consequence,  malt  was 
commonly  supposed  to  be  clean.  Many  maltsters  now  steep 
barley  just  as  they  receive  it,  simply  to  save  the  expense  of 
screening. 

Such  fiaJse  economy,  negligence,  or  laziness,  cannot  be  too 
strongly  deprecated ;  for  it  never  happens  that  a  quantity  of 
barley  is  delivered  in  such  a  state  that  it  cannot  be  very 
materially  improved  by  the  removal  from  it  of  a  quantity  of 
dirt,  dust,  other  seeds,  and  refuse  of  infinite  variety.  I  have 
never  yet  seen  a  sample  entirely  free  from  thin  com  (the  evil 
of  which  is  shown  subsequently).  As  a  rule,  aU  barley  is 
mixed  with  a  diversity  of  rubbish  of  a  distinctly  detrimental 
character,  and  as  in  many  cases  it  is  not  removed,  it 
naturally  follows  that  all  the  evils  are  present  in  the  malt 
made  from  it. 

Further  than  this,  nearly  all  malt  gathers  in  manufacture 
and  storage  an  accumulation  of  dust,  dirt,  and  refuse  of  a  very 
objectionable  character.  The  rootlets  naturally  produced  by  the 
process  are  detrimental,  and,  if  present,  interfere  with  the 
cleanliness  of  a  sample.  Malt  very  usually  contracts  more  or 
less  mould  during  manufacture,  and  invariably  gets  adhering 
to  it  the  spores,  or  germs  of  a  number  of  low  organisms,  of  an 
undesirable  and  dangerous  character.  These  occur  in  all  malt- 
houses,  at  all  seasons ;  for  the  conditions  necessary  to  produce 
malt,  necessarily  favour  the  production  of  mould,  and,  as  all 
barley  contains  some  kernels  dead,  bruised,  or  broken,  and 
kept  in  a  moist  condition  for  many  days,  the  rapid  diffusion  of 
mould  spores  is  inevitable. 

Close  inspection  and  microscopic  examination  of  malt  are 
necessary  to  determine  its  degree  of  cleanliness. 

Inspection  is  greatly  facilitated  if  the  sample  be  weighed  first 
of  all  with  accuracy.  Then  it  should  be  passed  through  a  sieve 
of  suj£ciently  coarse  mesh  to  allow  the  malt  to  pass,  but  to 
arrest  any  substance  larger  than  a  barleycorn.  It  should  then 
be  sifted  in  a  sieve  with  finer  mesh,  that  at  once  removes 
the  heavier  dust,  dirt,  &c.  The  malt  should  then  be  placed 
upon  a  sheet  of  clean  white  paper,  and  every  kernel  passed 
under  scrutiny.  A  broad  round-ended  knife  or  paper-cutter 
assists  this  operation.  A  number  of  the  corns  should  then  be 
magnified,  and  particular  care  taken  to  examine  the  ends  and 
crack,  for  the  mould-spores  generally  lodge  in  those  positions. 
The  whole  of  the  matter  which  is  not  malt  can  now  be  weighed, 
and  its  percentage  determined.  By  these  methods  I  have 
found  the  following  results  : — 
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Source  of  Barley.  Peroentoge  <rf  unpurity 

^  07  weight. 

Norfolk,  containing  by  weight  from  0'2  to  2*4 
Essex 


Lincoln 

8cotland 

Ireland 

Chili 

"Danube" 

Saal 

Eussia 

Bohemia 


>»  >> 

y»  It 

tt  i> 

»»  i» 

f  >  >> 

>»  >» 

l»  tt 

tt  tt 


0-3 

2-7 

0-5 

0-3 

1-2 

41 

0-8 

31 

01 

6-8 

2-4 

4-7 

0-9 

3-4 

1-6 

5-4 

0-2 

2-4 

Malt  always  contains  in  bulk  a  large  quantity  of  metallic 
refuse,  but  in  the  above  table  no  metal  has  been  included.  The 
heavy  percentages  of  refuse  are  of  course  exceptional  in  nearly 
every  case. 

Flavour. — Malt  hsw  invariably  a  considerable  amount  of 
flavour.  Popularly  it  is  supposed  to  have  the  starch  of  the 
corn  largely  converted  into  sugar,  in  consequence,  presumably, 
of  its  apparent  sweetness.  No  analysis,  carefully  taken,  con- 
firms this  supposition. 

The  flavour  of  malt  is  derived  either  from  the  influences  of 
growth,  or  drying ;  generally  from  both  combined.  Air-dried 
malt  or  that  dried  in  a  kiln  at  too  low  a  temperature,  or  out  of 
the  direct  contact  of  the  products  of  combustion,  has  a  raw, 
harsh,  unpleasant  taste. 

Pale  malt,  dried  in  an  open  fire-kiln  at  as  high  a  temperature 
as  possible  without  interference  with  the  colour,  has  a  brisk 
agreeable  flavour,  much  liked  by  cattle  and  children.  This 
flavour  is  communicated  to  the  beer,  spirits,  bread,  or  other 
articles  made  from  the  malt,  and  for  many  purposes  constitutes 
one  of  its  chief  virtues.  It  furnishes  a  very  clear  indication  of 
the  manner  of  curing  the  malt,  and  consequent  stability  of  the 
beer  brewed  firom  it. 

Brown,  imperial,  amber,  crystal,  and  other  similar  malts  are 
manufactured  chiefly  for  the  sake  of  the  flavour  which  they 
acquire  by  different  methods  of  drying,  and  which,  together 
with  colour,  they  communicate  to  the  beer  or  porter  they 
produce. 

Patent,  black,  or  roasted  malt  is  intended  primarily  to  give 
colour  to  beer  or  porter,  but  it  adds  flavour  also. 

Freshly  dried  black  malt  has  a  bitter  astringent  flavour, 
which  is  extracted  by  boiling.  Wort  from  black  malt  closely 
resembles  strong  coffee  in  flavour. 

Kernels  of  pale  malt  attacked  by  mould  have  a  rank,  nauseous 
flavour  which  is  very  disagreeable. 

The  flavour  of  malt  is  usually  determined  bv  biting  a  few 
corns.  It  is  best  tested  by  making  a  weak  infusion  at  high 
temperature,  and  allowing  it  to  stand  for  a  few  hours  after  it 
has  cooled. 

Inattention  to  any  of  the  preceding  seven  characteristics  of 
malt  is  unwise,  and  may  be  attended  with  disastrous  results. 
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No  truly  good  malt  can  be  deficient  in  any  respect  in  any  of 
the  points  indicated  as  essential. 

Of  the  remaining  characteristics,  although  each  one  is 
desirable  and  beneficial  in  its  way,  really  good  malt  can  be 
produced  though  one,  or  indeed  all,  are  absent. 

Small,  light,  irregular  malt  of  indifferent  appearance  and 
colour  will  produce  better  beer,  provided  it  has  each  of  the 
essential  characters  well  and  fully  developed,  than  the  largest 
and  most  beautiful  looking  malt  if  decidedly  deficient  in  any 
essential  point. 

Hence  I  term  size,  uniformity,  colour,  appearance,  and 
weight  desirable  non-essentials. 

n.— Desirable  but  Non-essential  Characteristics  of 

Good  Malt. 

Size. — The  size  of  malt  has  received  very  great  attention  at 
the  hands  of  many  writers  upon  malting,  and  has  been  the 
cause  of  much  consideration  and  calculation.  Large  malt  is 
better  than  small,  all  other  conditions  being  equal.  Small 
malt,  perfect  in  all  essential  points,  is  better  than  big  malt 
deficient  in  any  one  of  the  characteristics  I  have  termed 
essential. 

The  size  of  malt  naturally  depends,  in  most  cases,  upon  the 
size  of  the  barley  from  which  it  is  made.  It  is,  however,  in 
many  cases  very  materially  influenced  by  the  method  of  making. 
By  particular  management  upon  the  kiln  it  is  very  easy  to  dry 
malt  in  such  a  manner  that  the  size  is  much  affected.  As  a 
consequence,  proper  consideration  of  size  is  possible  only  by 
comparison  with  weight,  number,  and  bulk.  Lengthened 
experience  is  of  much  benefit,  but  reliance  upon  it  is  at  times 
nusplaced.  Size  is  conveniently  determined  by  any  fixed 
measure  or  standard  of  capacity  in  which  a  certain  quantity  of 
malt,  under  similar  conditions  of  pressure,  may  be  placed,  and 
the  differences  in  number  decide  the  relative  size. 

Of  two  bulks  of  malt  of  the  same  size,  preference  should  be 
given  to  the  heavier,  provided  they  both  contain  the  same 
percentage  of  idle  corns  and  the  acrospires  of  both  have  been 
equally  worked. 

One  important  factor  of  size  is  the  shape  of  individual 
kernels.  Short,  round,  plump  corns  necessarily  yield  a  greater 
extract  than  long  thin  corns  of  the  same  size  and  weight. 

The  proportion  of  husk  to  soluble  constituents  is  larger  in 
the  latter  case.  As  a  consequence,  100  long  thin  corns 
occupying  the  same  cubical  space,  and  weighing  the  same  as  100 
other  short,  plump  corns,  will  be  found  to  yield  less  extract 
when  brewed  than  the  plump  corns. 

Uniformity. — ^By  uniformity  is  meant  not  only  such 
similarity  as  can  be  attained  by  working  barleys,  alike  in  their 
essential  properties,  but  the  much  more  powerful  elements  of 
sameness  that  are  controlled  by  the  conditions  of  the  air,  and 
its  management  throughout  every  process  of  malting. 


128 


MALT  AND  MALTING. 


Large  firms  secure  a  considerable  degree  of  uniformity  in  malt 
by  careful  selection  and  mixture  of  barley.  This  point  is  an 
important  one,  but  it  is  only  one  factor  of  several,  and  as  a 
practice  can  have  strong  objections  urged  against  it. 

Uniformity  of  size  is  of  importance  to  the  brewer.  This  is 
the  one  phase  of  the  subject  easily  determined.  The  eye  is 
usually  a  sufficient  guide  as  to  uniformity  of  kernels. 

At  present  no  reliable  tests  have  been  invented  as  to 
uniformity  of  conditions  during  each  and  every  process  of 
malting. 

The  uniformity  of  growth  is  easily  determined  by  coxmting 
one  or  more  hundreds  of  kernels,  and  taking  up  each  one  in 
turn,  placing  it  in  with  others  of  the  same  length  of  acrospire. 

The  following  tjrpical  illustrations,  giving  percentages  of 
growth,  show  the  value  of  uniformity  in  samples  by  careful 
examination.     (See  also  Growth,  p.  120.) 


Percentages  of  Growth 

• 

Good  Malt. 

Medium  ICAlt. 

BadMftlt. 

Aoroepire  ran  oat . . 
„        I  ap  back 

.    t>           T         It 
11           a         II 
II           t         II 

„        started  .. 
Dead  ooms . . 

•  •             • 

•  •             • 

•  •              • 

—  1 
9           4 

64         80 

26           9 

1           3 

—  1 

—  2 

3 
7 
64 
14 
6 
3 
3 

4 
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2 

4 

12         26 
19         21 
42         28 
17          9 
—          1 
2        — 
8        16 

* 

100       100 

100 

100 

100      100 

Much  wider  differences  than  these  are  to  be  found  in  malts 
constantly  offered  for  sale. 

Colour. — The  colour  of  malt  varies  from  that  of  barley,  and 
colour  is  not  a  certain  criterion  of  the  treatment  the  malt  has 
undergone,  in  any  or  all  the  processes  it  passes  through.  Bright 
pale  barley  may  be  stained  and  discoloured  in  cisterns  or  on 
floors  and  kilns.  Bad  management  during  any  stage  of 
working,  but  particularly  during  drying,  will  affect  the  colour 
of  malt,  as  usually  xmderstood,  and  also  the  colour  of  the 
wort  produced  by  malt.  Drying  prolonged  beyond  a  proper 
time,  or  excessive  temperatures  at  any  of  the  stages  upon  the 
kiln,  particularly  when  the  malt  is  still  moist,  affect  the  colour 
of  the  interior  of  the  com  to  a  greater  extent  than  the  colour 
of  the  skin. 

If  the  interior  of  the  kernel  be  discoloured  by  heat,  or 
rendered  brown,  part  of  the  diastase  and  of  the  albuminous 
matters  have  been  destroyed  or  injured  in  such  drying. 

The  question  of  the  importance  of  colour  has  been  already 
hinted  at.  In  pale  worts  from  pale  low-dried  malt  the 
degeneration  of  yeast  is  usually  rapid.     In  higher-dried  malts, 
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all  other  conditions  being  similar,  it  is  much  slower.  How  fax 
the  colour  influences  this,  remains  to  be  determined,  but  it  is  a 
point  worthy  of  attention  not  only  of  brewers,  but  of  maltsters. 

To  determine  colour  in  examination  of  any  particular  sample 
of  malt  it  is  desirable  to  hold  it  at  arm's  length  in  a  good  clear 
light,  but  not  in  direct  sun-rays.  A  north  light  is  most 
esteemed  for  this  purpose.  Under  these  conditions  a  good 
sample  will  be  a  good  clear  yellow  in  tint,  free  from  all  stain  or 
shade  of  mottled  grey  or  brown. 

Examination  of  the  rootlets  left  in  a  sample  famishes  a  good 
indication  of  the  degree  of  colour  given  by  drjring.  Owing, 
however,  to  the  wide  differences  of  heat  foxmd  in  nearly  all 
kilns,  this  method  is  very  unreliable,  for  the  variation  of  colour 
of  roots  is  greater  than  that  of  the  malt,  and  is  very  deceptive. 
Great  heat  at  the  end  of  the  drying  process  will  darken  the 
combes,  but  not  the  malt  to  the  same  aegree. 

Another  plan  is  to  masticate  a  few  kernels,  and  then 
compressing  the  mass  between  the  thumb  and  forefinger  to 
judge  of  the  colour  of  the  moisture  exuded. 

The  best  and  only  reliable  test  of  colour  is  to  make  an 
infusion  at  given  and  exwst  temperatures  and  gravity,  for  a 
certain  length  of  time.  This  should  be  compared  with  a 
standard  test  tube  of  exact  shade. 

To  colour  is  usually  accorded  the  distinction  of  the  chief 
market  differences  of  malt,  for  it  is  graded  almost  exclusively 
with  regard  to  colour.  Thus  we  have  the  four  main  divisions 
into  which  the  eight  common  varieties  of  malt  are  divided : — 

I.  White,  pale,  and  high  dried. 
II.  Amber,  crystal,  and  imperial, 
m.  Blown,  brown,  or  porter  malt. 
IV.  Black,  or  patent  malt,  and  roasted  maize. 

White  malt  is  usually  made  from  very  pale  and  superior 
barleys,  worked  with  great  care,  and  dried  at  the  lowest  pos- 
sible temperatures.     Comparatively  little  is  made. 

Pale  malt  is  the  class  made  in  greatest  amount,  and,  unless 
otherwise  indicated,  is  the  class  invariably  alluded  to  and 
described  throughout  this  book. 

High-dried  is  generally  the  same  as  pale,  made  from  inferior 
barleys,  or  from  barleys  which  may  have  derived  damage  in  any 
form.  As  its  name  indicates,  it  is  more  highly  dried  than  pale 
malt,  and  is  as  a  consequence  darker  in  appearance,  and  yields 
a  wort  of  darker  tint. 

Amber  malt  is  also  made  from  spoiled  pale  malt,  or  from 
barleys  rarely  of  equal  quality  to  the  best  pale  malt.  No 
standard  test  of  colour  has  yet  been  determined  upon.  Amber 
is  usually  darker  than  high-dried. 

Crystal  malt  is  still  darker.  'It  owes  its  characteristics  to 
peculiarities  of  manufacture  to  be  afterwards  described. 

It  is  valued  also  for  its  flavour. 

Imperial  is  lighter  in  tint  than  crystal,  but  it  gives  a  better 
colour  and  flavour  for  particular  purposes. 
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Blown,  brown,  or  porter  malt,  is  also  differently  prepared. 
Its  use  is  an  absurdity  fast  dying  out.  It  is  inferior  in  colouring 
power  to  either  amber,  crystal,  or  imperial  malts. 

Black  or  patent  malt,  and  roasted  maize,  are  used  almost 
exclusively  for  colouring  purposes.  Owing  to  the  manner  of 
their  preparation,  a  very  great  proportion  of  their  extractive 
matter  is  converted  into  caramel  or  assamar,  and  as  a  conse- 
quence they  yield  very  little  but  colour  and  flavour. 

It  is  much  to  be  regretted  that  no  standard  of  colour  has 
been  decided  upon  to  determine  the  relative  values  of  samples 
for  colouring  purposes.  Each  maker  or  user  of  malt  can,  how- 
ever, prepare  a  standard  for  himself,  and  in  no  case  should  he 
buy  or  sell  any  quantity  of  malt  of  which  he  has  not  fully 
determined  the  colouring  value.  This  is  simply,  easily,  and 
quickly  done. 

Were  this  a  book  on  brewing,  this  division  would  require 
much  more  exhaustive  treatment,  for  there  can  be  little  doubt 
but  that  the  examination  and  comparison  of  colour  in  relation 
to  its  effects  upon  fulness  of  beer,  extract  of  malt,  and  the 
nourishing  capacity  of  wort,  is  of  very  great  importance. 

It  may  be  some  day  proved  that  by  relation  of  colour- values 
the  whole  influences  upon  yeast-nourishment  of  worts  may  be 
determined. 

Appeabance. — The  appearance  of  malt  not  alresbdy  con- 
sidered under  colour,  size,  uniformity,  and  cleanliness,  is  of 
slight  moment.  A  sample  may  be  dull,  dead,  and  heavy- 
looking,  or  it  may  be  very  starved  and  shrivelled. 

The  appearances  indicative  of  good  or  bad  qualities  not 
already  enumerated  are  too  subtle  to  be  conveyed  by  words, 
and  practical  experience  is  alone  of  value  in  connection  with 
them.  To  the  general  appearance  I  attach  more  importance 
than  to  weight,  which  I  put  in  its  right  place,  last  on  the  hst. 

Weight. — Old  maltsters  usually  attached  great  value  to 
weight.  I  have  already  shown  that  in  barley,  weight  is  not  of 
paramount  importance.  In  malt  it  is  positively  a  dangerous 
test  in  the  hands  of  the  unwary  or  inexperienced.  Formerly 
40  lbs.  per  bushel  was  considered  a  good  weight  for  malt. 
Owing  to  the  careful  cultivation  of  barley,  it  is  now  no  unusual 
thing  to  find  well-grown  and  properly  made  malt  weighing 
44  lbs.  per  bushel.  Such  big  malt  gives  a  greater  extract,  in 
consequence  of  the  smaller  amount  of  husk  contained  in  pro- 
portion to  soluble  constituents,  and  the  quality  of  the  extract 
obtained  is  much  esteemed.  This  is  more  particularly  the 
case  in  those  breweries  where  they  do  not  know  how  to  grind 
their  malt  properly,  or  are  afraid  to  do  it. 

As  a  brewer  s  question,  weight  is  of  considerable  importance. 
A  maltster,  however,  ought  never  to  consider  it.  Barley  should 
be  worked  in  the  best  manner  possible,  quite  independently  of 
any  consideration  of  its  final  weight  as  malt.  No  malt  should 
be  bought  by  weight  unless  due  consideration  be  given  to  the 
actual  weight  of  the  dry  substance  of  the  barley  from  which  it 
is  made.     This  weight  is  known  in  extremely  few  cases,  for 
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although  the  namber  of  brewers  who  take  the  trouble  to 
determine  the  percentages  of  solid  matter  and  moisture  in  malt 
is  small,  the  number  of  maltsters  who  test  barley  in  the  same 
way  is  much  less. 

The  true  value  of  weight  in  malt  is  readily  tested  by  taking  a 
diversity  of  samples,  and  selecting  them  as  indicated  in  the 
tables  on  growth.  It  very  frequently  happens  that  the  heaviest 
maJt  is  shown  to  be  inferior  in  several  ways  to  lighter  malt. 

By  the  physical  examination  of  malt,  we  gather  that  good 
well-made  first-class  malt  should  be  wholly  and  well-grown, 
with  a  properly  developed  acrospire  at  least  three-quarters  of 
the  way  up  the  back  of  the  com,  but  never  grown  out. 

It  must  be  properly  dry,  containing  never  more  than  two  per 
cent,  of  water. 

It  must  be  at  least  six  weeks  old,  but  never  older  than  four 
months  unless  kept  in  air-tight  bins,  or  plunged  in  carbonic 
acid  gas. 

The  aroma  must  be  pleasant  and  well-distinguished. 

It  must  be  friable,  tender,  white -floured,  and  in  good  con- 
dition in  every  respect. 

It  must  be  clean,  and  free  from  admixture  with  other  corn- 
seed,  or  particles  of  any  kind. 

It  is  desirable  to  have  it  large,  or  of  good  size ;  but  whatever 
size  it  may  be,  it  should  be  umform. 

The  colour  is  a  matter  that  in  most  cases  is  worthy  of  con- 
sideration. 

The  appearance  generally  should  not  be  neglected,  for  mould 
is  a  more  powerful  evil  than  is  generally  admitted. 

Weight  requires  also  intelHgent  and  careful  regard. 

To  users  oi  malt,  however,  it  is  of  the  utmost  importance  to 
know  other  things  concerning  it  not  able  to  be  determined  by 
any  amount  of  experience,  or  by  the  tests  already  described  or 
suggested.  A  good  deal  has  been  done  by  the  aid  of  chemists, 
and  we  will  now  pass  to  the  chemical  examination  of  malt. 
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CHAPTEB     XI. 
MALT  {continued). 

Malt  :— 
Chemical  Examination.    Losses  of  Barlej  in  Malting.    Molecular  Composition. 
Analyses.    Starch.    Cellulose.    Dextrine.     Sugars :  Maltose,  Sucrose,  Glu- 
oose,  LsBYulose.    Fats.   Resin.    Ash.   Proteins :  Diastase,  Amides,  Peptones, 
Parapeptones.    Acidity  :  Lactic,  Butyric,  Acetic,  Succinic  Acids.    Tests. 

Chemical  Examination  of  Malt. 

I  have  already  shown  that  the  chemical  examination  of  malt 
is  necessary  to  determine  the  yield  or  percentage  of  extractive 
matter,  and  the  nature  of  its  composition.  The  senses  alone 
are  incapable  of  settling  these  and  several  other  points. 

Because  brewers  rely  largely  upon  the  mere  appearance  and 
taste  of  malt,  and  are  willing  to  assign  bad  or  defective  beer 
to  any  other  agency  than  the  malt  used  in  its  preparation, 
maltsters  have  worked  in  the  crudest  and  most  imperfect 
manner.  They  have,  as  a  body,  made  malt  in  utter  ignorance 
of  the  simplest  conditions  of  the  business,  and  of  the  laws 
regulating  the  effects  of  the  processes  they  imagined  that  they 
were  controlling. 

British  maltsters  were,  indeed,  rare  (until  very  recently) 
who  were  capable  of  intelligently  comprehendiDg  the  influences 
upon  barley  of  differing  degrees  of  moisture,  access  of  air,  con- 
ditions of  heat,  or,  indeed,  the  very  simplest  of  the  forces  they 
put  into  motion  in  the  conversion  of  barley  into  malt. 

Happily  this  state  of  things  is  passing  rapidly  away,  and  it 
is  now  recognised  as  important  for  a  maltster  to  know  what 
malt  is,  in  order  that  he  may  control,  or  regulate,  every  process 
which  improves  or  mars  the  desired  product. 

The  changes  effected  in  barley  by  the  processes  of  germina- 
tion,  consist  in  the  removal  of  some  portions  of  the  constituent 
molecules,  and  the  modification  of  many,  if  not  all,  of  those 
which  remain. 

The  absolute  loss  barley  sustains  when  malted  ranges  from 
19  to  24  per  cent.,  by  weight,  and  is  chiefly  water,  but  there  is 
also  a  loss  of  solid  matter,  which,  however,  is  fully  compensated 
by  the  beneficial  changes  effected  in  the  remainder. 

The  loss  occurs  in  five  ways,  viz. : — 
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1.  Floating  corns  skimmed  off  the  cistern. 

2.  Loss  by  solution  in  steeping. 

3.  Loss  by  respiration  of  the  germinating  grain,  in  the 

formation  of  carbonic  acid  gas  and  water. 

4.  Loss  of  original  moisture,  beside  that  of  added  and 

of  newly  formed  water. 

5.  Loss  of  rootlets  (combes)  in  screening. 

These  several  items  of  loss  vary  with  every  difference  in  the 
grain  subjected  to  malting,  in  the  water  used  in  steeping,  and 
in  the  duration,  temperatures,  air-supply,  &c.,  on  the  growing- 
floors  and  kiln.  A  rough  average  gives  the  following  amounts 
of  the  several  losses : — 


Per  cent 

Floaters        

1-5 

Loss  in  steep           

1-5 

Eespiration 

60 

Water           

110 

Combes         

3-5 

23-5 

The  proportion  of  floaters  depends  partly  upon  the  quality 
of  the  grain,  but  mainly  upon  the  methods  of  screening 
adopted.  Where  this  operation  is  properly  performed,  the  per- 
centage of  skimmings  falls  to  a  minimum. 

The  loss  in  steeping  is  not  apparent,  being  concealed  by  the 
great  absorption  of  water,  and  consequent  gain,  both  in  bulk 
and  weight,  of  the  saturated  grain.  But  analysis  indicates  a 
loss  of  nrom  one  to  two  per  cent,  of  solid  matter,  and  the 

Sresence  of  extracted  substances  in  the  steep-liquor  is  also 
emonstrable.     The  offensive  odour  of  the  liquor,  where  not 
changed    at    intervals  or  continuously,   during  the   steeping 

Eeriod,  is  partly  due  to  the  substances  dissolved  from  the  grain, 
ut  the  putrefaction  of  these  is  mainly,  if  not  entirely,  due  to 
the  dirt  adhering  to  the  husk,  in  spite  of  the  most  thorough 
system  of  brushing,  screening,  and  washing  the  barley  prior  to 
steeping.  This  dirt  contains  living  germs  of  various  fungoid 
and  other  organisms,  which  develope  under  the  favourable  con- 
ditions offered  by  the  steeping-cistern,  and  convert  any 
xmstable  substances  present  in  the  liquor  into  acids  and 
alcohols  of  offensive  nature. 

We  have  here  a  powerful  argument  both  for  frequent,  if  not 
continuous,  change  of  steep-h^uor,  and  against  the  proposal 
made  by  some  authors  to  mrnish  the  grain  with  only  as  much 
water  as  it  can  absorb.  In  that  case,  none  of  the  germs  of 
mould,  &c.,  could  be  drowned  or  derive  sustenance  from  waste 
matter,  but  all  would  develope  and  feed  upon  the  grain,  passing 
with  it  to  the  growing-floors. 

The  presence  of  nitrates  in  the  steeping-li^uor  promotes 
these  objectionable  developments  as  much  as  it  favours  the 
germination  of  the  grain,  but  salts  of  lime,  by  preventing 
acidity,  retard  the  extraction  of  phosphates  from  tne  barley, 
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thus  at  once  retaining  those  important  compounds  for  the 
fanction  of  nourishing  the  rootlets,  and,  at  a  later  stage,  the 
yeast-cells,  and  depriving  the  mould-germs  of  nutriment  to 
the  same  extent. 

The  character,  as  well  as  the  amoxmt,  of  matter  dissolved 
and  lost  in  steeping,  varies  with  the  composition  of  the  water 
used,  with  the  quantity  of  resin-cells  in  the  husk  (which  con- 
stitute a  damp-resisting  varnish),  and  with  differences  in  the 
rapidity  with  which  the  organic  compounds,  including  mineral 
matter,  decompose  or  become  soluble. 

The  wide  variation  in  these  factors  fully  accounts  for  the 
discrepancies  in  the  amount  of  loss  in  steep  given  by  different 
authors.  Maltsters  generally  use  the  most  convenient  source 
of  water  supply,  regardless  of  its  character,  whilst  the  variable 
elements  ol  the  baney  referred  to  depend  greatly  upon  meteoro- 
logical conditions  during  ripening,  and  upon  judicious  harvest- 
ing and  storage. 

I  shall  return  to  this  subject  in  the  next  chapter. 

The  loss  in  germination  depends  upon  a  still  wider  range  of 
contingencies,  the  vitality,  permeability,  and  chemical  com- 
position of  the  grain,  the  temperatures,  degrees  of  humidity, 
duration  and  extent  of  growth,  and  other  important  factors 
determining  the  resultant  amounts  of  carbonic  acid  gas  and 
watery  vapour  given  off,  and  the  character  of  the  changes 
induced  upon  the  remaining  matter. 

The  loss  in  drying,  again,  varies  with  the  proportion  of 
moisture  present  in  the  green  malt,  and  with  the  structure  and 
management  of  the  kiln.  Excellent  green  malt  may  be  spoilt 
even  under  the  most  skilful  working  upon  an  improperly-con- 
structed kiln,  whilst  the  most  perfect  structure  will  not  oDviate 
the  results  of  errors  in  previous  operations,  or  of  mismanage- 
ment of  the  drying  process. 

The  loss  in  combes  depends  upon  their  development,  in- 
cluding any  forcing  of  the  acrospire  by  deep  loading  upon  the 
kiln,  and  consequent  stimulus  of  vegetative  power  by  the  warm 
damp  air  which  bathes  the  upper  part  of  the  load. 

With  imperfect  drying,  a  greater  weight  of  combes  results 
from  the  presence  of  moisture  in  them,  but  as  a  similar  residue 
is  left  in  the  malt,  there  is,  on  the  bulk,  a  less  loss  of  weight 
than  if  the  drying  were  thorough. 

The  changes  induced  in  grain  by  germination  (as  apart  from 
the  removal  of  matter)  are  chiefly  the  conversion  of  the  carbo- 
hydrates on  the  one  hand,  and  the  protein-compounds  on  the 
other,  into  isomers,  hydrates,  or  derivatives,  of  inferior  stability, 
so  that  they  readily  pass,  in  after-treatment,  to  the  more  stable 
compounds  required  in  beer  and  other  products.  The  pre- 
viously insoluble  starch,  for  instance,  is  to  a  great  extent 
brought  into  a  form  from  which  its  change  into  dextrine  and 
maltose  under  diastatic,  and  subsequently  to  alcohol  under 
zymotic,  influences,  will  take  place  with  ease,  and  without  the 
formation  of  collateral  products  of  an  undesirable  character. 
Still  more  important  are  the  modifications  which  occur  in 
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the  structure,  composition,  and  chemical  powers  of  the  protein- 
compounds.  Not  only  is  the  instability  of  their  complex  mole- 
cules of  the  greatest  value  in  its  influence  on  the  adjacent 
carbohydrates,  converting  them  during  the  processes  of  brewing, 
&c.,  into  fermentable  and  other  substances,  but  the  proteins 
which  pass  forward  into  solution  are,  under  favourable  circum- 
stances, such  as  either  yield  to  the  decomposing  vital  forces  of 
yeast,  or  remain  unaltered  in  the  finished  oeer.  Those  proteins 
which  are  changed  into  yeast  and  vapour  have  fulfilled  their 
function  in  promoting  the  fermentation  essential  to  the  stability 
of  the  liquor,  whilst  the  remainder  contribute  to  its  nutritive 
qualities.  On  the  other  hand,  unsuitable  proteins  lead  to 
irregularity  in  fermentation,  difficulties  in  clarification,  and, 
sometimes,  incurable  want  of  stability. 


Empibical  ilsd  Moleculab  Composition  of  Malt. 

The  empirical  composition  of  malt  is  not  a  subject  much 
referred  to  by  authors,  whose  attention  has  been  mainly 
directed  to  the  molecular  constitution,  and  the  determination 
of  the  relative  proportions  of  the  several  carbohydrates,  proteins, 
&c.,  present. 

In  1846,  a  report  to  the  Government  on  the  use  of  malt  for 
feeding  cattle  was  prepared  by  Drs.  T.  and  B.  D.  Tliomson,  in 
which  the  following  empirical  analysis  of  malt  is  given : — 


Carbon          

42-44 

Hydrogen 

6'64 

Nitrogen       

Ill 

Oxygen         

4308 

Ash    ... 

1-68 

Water          

...       505 

A  very  large  number  of  what  may  be  called  molecular 
analyses  of  malt  have  been  |)ubli8hed,  principally  in  technical 
journals  and  books.  A  selection  of  the  most  typical  of  these  is 
appended. 


• 

StdiL* 

SirJ.  B.  Lawe8.t 

Wigner  ftnd  HarUnd.i 

starch 
Dextrine 

60-876 
8-232 

65016 
7-724 

1  72-03 

67-97 

(  69-13 
\    6-75 

60  83 
5-70 

Celluloee      •  • 

18-817 

8-231 

4-84 

5-76 

6-36 

8-20 

Sngar 

Eat 

_ 

2-285 

1101 

11-89 

6-13 

6-98 

3-379 

2-816 

— 

— 

2-39 

2-79 

Extractive  matter  .. 

4-650 

3-558 

— 

— 

— 

— 

Ash 

2-290 

2-364 

217 

2-48 

2-44 

5-73 

Protein,  soluble 
„       ineoluble  .. 

1-985 
9-771 

1 18-005 

9-95 

11-91 

(4-27 
13-62 

6-21 
3-96 

♦  Chem.  Centr.  1860,  pp.  494,  676—678. 

t  Polyt.  Joum.  bd.  clxxix.  pp.  71—80  [1866]. 

1  Beport  on  Malt  and  Barlev  as  Food  for  Stock  [1866]. 

i  Joum,  Soe,  ArU,  vol.  xxxiu.  p.  337  [1884]. 
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The  foregoing  figures  are  those  of  the  dry  matter  in  the  malt 
calculated  afresh  where  not  so  published  originally.  As  every 
sample  of  malt  varies  in  the  amount  of  moisture  it  contains, 
whether  original  or  acquired  by  slackness,  it  is  clearly  necessary 
to  consider  the  dry  matter  alone,  in  comparing  malts,  although 
the  proportion  of  moisture  is  also  a  matter  of  grave  import. 

In  dealing  with  the  chemical  composition  of  malt,  I  shall 
describe  the  nature,  &c.,  of  the  several  substances  present,  in 
the  same  order  as  when  discussing  the  constituents  of  barley, 
viz. : — 

I.  Carbohydrates  or  non-nitrogenous  matters. 

Starch. 

Cellulose. 

Dextrine. 

Sugars. 

Fats. 

Besins. 

Mineral  constituents. 

II.  Proteins  or  nitrogenous  substances. 

Amides. 
Peptones. 

I— CARBOHYDRATES. 
1.  Stabch. 

It  is  not  necessanr  to  repeat  here  the  account  of  the  chemical 
composition,  &c.,  of  starch  already  given  on  pp.  101 — 105.  As 
it  occurs  in  malt  it  is,  or  should  be,  wholly,  or  at  least  largely, 
in  the  soluble  or  amidin  form,  modified  from  its  original 
insoluble  condition  by  the  process  of  germination.  As  has 
been  pointed  out  before,  it  is,  at  least  in  respect  of  bulk  and 
weight,  the  most  important  constituent  of  the  grain  and  the 
success*  of  the  maltster  largely  depends  upon  the  modifications 
effected  in  the  starch-granules  by  his  operations.  His  aim  is 
to  render  the  starch  susceptible  of  conversion  into  dextrine 
and  maltose,  without  himself  inducing  such  conversion,  and 
with  the  production  of  as  little  lactic  or  butyric  acid  as 
possible. 

There  are,  however,  probably  but  few  samples  of  malt  which 
do  not  contain  at  least  traces  of  both  maltose  and  lactic  or 
other  acid.  Different  authors,  by  adopting  varied  methods  of 
investigation,  have  arrived  at  widely  discrepant  results.  Stein, 
for  instance,  denies  the  presence  of  any  sugar  soever  in  well- 
made  malt ;  whilst  Kiihnemann  finds  sucrose  {i.e.,  maltose), 
and  others  record  the  presence  of  glucose — sometimes  in  large 
proportions.  The  sweetness  to  the  palate  of  malt  is  percep- 
tible on  the  instant  of  mastication ;  but  this  is  due  to  the 
presence  of  the  saliva  either  acting  as  water  would  do  on  the 

*  TKat  is,  in  the  prodnotion  of  good  malt.  Some  oommercinl  ''rococw*'  does 
not  imply  thia  at  all. 
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soluble  proteinSy  and  commencing  diastatic  action  thereby,  or 
itself  converting  the  starch  by  the  ptyalin  it  always  contains.* 

The  chemical  tests  for  sugar  are  much  more  reliable. 

If  malt  be  rapidly  ground,  and,  as  quickly  as  possible  after 
the  access  of  water  to  the  meal,  an  infusion  be  tested  for  sugar, 
so  rapid  is  the  diastatic  action,  that  much  less  sugar  will  be 
found  than  after  a  few  minutes'  dela^,  if  any  be  found  at  all. 

The  readiness  with  which  conversion  takes  place  is  probably 
due  not  wholly  to  the  condition  of  the  protein-constituents  of 
the  malt,  but  in  some  measure  to  the  peculiarly  unstable 
condition  in  which  the  starch-granules  are  left  by  germination. 

The.  lapse  of  time  and  the  conditions  of  storage  are  important 
factors  in  this  matter.  The  residual  moisture  present  in  the 
most  thoroughly-cured  malt  tends  slowly  to  convert  the  starch 
to  sugar  and  lactic  acid,  and  the  process  is  hastened  by  the 
absorption  of  damp,  each  molecule  converted  increasing  the 
hygroscopic  tendency  of  the  mass. 

There  is  another  question  for  scientific  research,  viz., 
whether  all  or  some  only  of  the  starch-granules  are  thus  modi- 
fied where  germination  has  affected  the  entire  kernel.  The 
modification  commences  in  the  germ,  and  spreads  over  the 
surface  of  the  endosperm,  to  the  centre  of  which  it  gradually 
penetrates.  But  whether  the  extent  of  modification  of  the 
starch  be  affected  by  the  size  of  the  granules,  by  their  relative 
proportions  of  granulose  and  cellmose,  by  the  disposition 
within  the  granules  of  these  substances,  or  by  the  relative 
proximity  of  gluten-cells,  are  points  requiring  further  elucidcc- 
tion.  It  is  even  doubtful  if  the  modined  starch  is  converted 
to  sugar  by  water  in  the  absence  of  unstable  nitrogenous 
bodies,  as  hitherto  no  means  have  been  found  of  separating 
these  diastatic  substances  firom  the  unconverted  granules,  which 
they  surround  as  cell- walls,  and  possibly  intersect  as  concentric 
films. 

In  the  process  of  germination  a  portion  of  the  starch  is  con- 
verted into  dextrine,  a  trace,  occasionally,  into  cellulose,  and 
about  eight  per  cent,  into  sugar,  which  passes  into  the  rootlets 
or  is  oxidised  to  carbonic  acid  gas  and  water.  Altogether,  from 
a  fourth  to  a  fifth  of  the  starch  ceases  to  be  such. 

Saussure,t  in  a  series  of  elaborate  experiments  on  the  effect 
of  germinating  and  of  fermenting  grain  on  the  atmosphere  of  a 
closed  vessel,  found  that  more  oxygen  was  consumed  than  was 
exhaled  as  carbonic  acid  gas,  and  that  in  the  earlier  stages  of 
germination  a  considerable  amount  of  nitrogen  was  also 
absorbed.  It  is  difficult  to  conceive  of  the  combination  of 
gaseous  nitrogen  with  any  of  the  constituents  of  the  grain,  and 
T.  C.  Day  t  found,  in  a  similar  series  of  experiments,  that  the 
nitrogen  sometimes  increased  and  sometimes  decreased  to  a 
very  small  extent,  proving  that  it  takes  no  active  part  in  the 

*  The  ptyalin  of  the  saliva  appean  to  be  akin  in  many  respeota  to  the  proteins. 
It  has  high  diastatio  power,  probably  yaiying  with  the  indiTidiial,  and  at  diffenmt 
times  in  tiie  same  person. 

t  Mhn,  8oe,  Phy$,  HUi.  Nat,  Oenhe,  t,  tI.  pp.  446—681.    4to.     [1834.] 

X  Jimm.  Chem.  Soe.  toL  zzzrii.  pp.  645—668  [1880]. 
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germination  of  barley.  He  also  finds  no  constant  ratio 
between  the  oxygen  retained  and  that  exhaled  as  carbonic  acid 
gas,  the  proportion  ranging  from  an  eighth  to  a  tenth.  The 
oxidation  of  the  sugar  from  the  rootlets  sets  free  a  molecule  of 
water  for  each  molecule  of  carbonic  acid  exhaled,  thus — 

Ca  Hia  Oe  x  12  0=6  COa  x  6  Ha  0. 

The  water  thus  set  free  is  lost  in  drying. 

Mr.  Day  gives  proof  that  the  substance  oxidised  is  a  glucose 
or  grape-sugar,  in  the  relation  of  the  carbonic  acid  gas  evolved 
to  the  amount  of  water  set  free. 


2.  Cellulose. 

Cellulose  has  already  been  described  (p.  105),  and,  apart  from 
differences  in  its  amoxmt  to  be  referred  to  presently,  malting 
seems  not  to  affect  it.     Its  insolubOity,  at  least  for  the  most 

J)art  xmder  normal  conditions,  has  led,  perhaps,  to  its  being 
ess  studied  than  the  other  constituents  of  malt.  Bemaining 
chiefly,  if  not  wholly,  as  ''  grains  "  in  the  mash-tun,  its  con- 
vertibility, under  special  conditions,  into  saccharine  matter  has 
been  little  considered,  at  least  in  connection  with  malt. 

It  is  difficult  to  ascertain  what  change,  if  any,  takes  place  in 
the  cellulose  of  grain  during  germination.  That  the  steep- 
liquor  penetrates  the  cell  walls  by  osmosis,  and  commences  to 
modify  the  granulose  within,  is  a  fact  easily  verifiable ;  but 
whether  the  cellulose  of  the  walls  or  of  the  interior  of  the  cells 
is  broken  up  and  carried  in  a  soluble  form  into  the  devoloping 
embryo,  or  exhaled  as  carbonic  acid  gas  and  aqueous  vapour, 
or  remains  within  the  grain,  is  yet  an  open  question. 

Lermer  represents  the  cellulose  as  increasing  nearly  three 
per  cent,  by  malting,  7'10  in  the  barley  becoming  7*31  in  the 
resulting  88*81  of  malt.  Stein,  on  the  other  hand,  shows  a 
loss  of  cellulose  of  more  than  15'8  ^r  cent.,  from  19*864  to 
16*710.  If  the  original  cellulose  remained  unchanged,  and  the 
cell-walls  of  the  acrospire  were  formed  from  sugar  derived  from 
the  granulose  and  again  changed  to  cellulose,  a  slight  increase 
in  the  amount  of  that  constituent  of  malt  would  be  intelligible. 
On  the  other  hand,  if  the  original  cellulose  were  in  part  broken 
down,  and  conveyed  into  the  radicles,  a  loss  to  a  much  larger 
extent  would  be  perceptible. 


3.  Dextrine. 

There  is  little  to  be  added  to  what  has  already  been  stated 
as  to  dextrine.  It  is  uncertain  whether  it  is  affected  by 
germination,  as  its  percentage  in  barley  is  practically  the  same 
as  in  malt,  and  the  range  of  five  and  a-half  to  eight  and  a-half 
per  cent,  given  above,  as  found  in  various  malts,  is  probably 
due  to  original  differences  in  the  barley  rather  than  to  varia- 
tions in  the  effect  of  germination  upon  the  dextrine. 


MALT. 


139 


4.  Sugars. 

There  are  two  classes  of  sugar,  of  which  grape-sugar  and 
cane-sugar  are  the  respective  types,  but  the  terms  glucose  and 
sucrose  are  preferable,  as  these  compounds  are  widely  dis- 
tributed, not  only  in  the  vegetable  but  m  the  animal  kingdom. 
Both  are  merely  class-names,  applicable  to  a  number  of 
varieties,  differing  in  their  optical,  palatal,  and  other  physical 
characteristics,  but  identical  (for  each  class  'per  se)  in  cnemical 
composition.  The  glucoses  are  hydrates  of  glucosan,  the 
sucroses  of  diglucosan,  or  the  latter  class  may  be  regarded  as 
glucoses  condensed  with  loss  of  water.  From  another  point  of 
view,  sugars  may  be  considered  as  aldehydes  of  glucosan  alcohol, 
of  which  mannite  is  a  type.  The  constitution  of  these  several 
substances  is  shown  by  the  following  formulsB  : — 


iteor 
Glucoeaii  AloohoL 


Gloooeeor 
GlttooBan  Aldehyde. 

Ca  H14  Oa  —  Ha  =  Ca  Hu  Oa. 


Gluoofle. '  Staroh  or  Glooosan. 

Ca  H12  Oa  —  Ha  0  =  Ca  Hio  O5. 

Mazmite.  Saoroae. 

2  (CaHuOa)  —  Ha  =  CiaHaaOu,  HaO. 

Suerose.  Stanh. 

CiaHaaOu,  HaO  —  2  (HaO)  =  2  (CaHioOc). 

Solutions  of  various  sugars  exert  a  rotatory  action  upon  a 
ray  of  polarised  light,  the  degree  and  direction  of  rotation 
being  proportionate,  with  fluids  of  equal  depth,  to  the  nature 

V 

and  amount  of  the  sugar  present.    In  the  formula,  B  =  a^, 

R  is  the  rotatory  power  required  for  comparison ;  a,  the 
observed  angle  of  rotation ;  V,  the  volume  of  solution 
employed ;  I,  the  length  of  column  traversed  by  the  ray ;  and 
p,  the  weight  substance  in  solution.  The  specific  rotatory  power 
of  several  sugars,  &c.,  has  been  found  to  be  as  follows : — 


Soluble  starch  (amidin) 

■  •  •                            ■  a 

+  2110 

Maltose 

«  •                             •  « 

+  1720 

Dextrine 

k  •  ■                               •  • 

+  138-7 

Sucrose  ... 

1  •  •                              •  •  i 

+    73-8 

Glucose  ... 

1  *  •                              •  • 

+    67-4 

Invert  sugar 

•  •                                .Al 

—  280 

Gum       

1  ■  •                               fl  • 

—   360 

Lffivulose 

•  •                               •  • 

—  1060 

Sinistrine 

•  •                               •  • 

But  the  specific  rotatory  power  varies  from  several  causes. 
Fresh  glucose  rotates  twice  as  much  as  a  few  hours  after  its 
formation,  and  fresh  maltose  three  times.  By  heating  to 
176^  Fahr.  and  cooling,  the  minimum  of  rotatory  power  is  at 
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once  reached.  If  this  minimum  of  glucose  be  taken  as  xmity, 
that  of  fresh  glucose  will  be  2,  of  maltose  3,  and  of  dextrine  4. 
Alkalies  diminish  the  rotatory  power,  which  neutralisation 
restores.  Heat  affects  the  optical  properties  of  different  sugars 
in  a  very  marked  way.  Thus,  Dubrunfaut  found  that  in 
the  case  of  cane-sugar  the  rotatory  power  at  212°  Fahr.  is 
0*9768  of  that  at  32°  Fahr.,  whilst  for  inverted  sugar  each 
degree  of  Fahrenheit's  scale  reduces  the  angle  of  rotation 
0*205°,  so  that  at  187°  Fahr.  it  becomes  nil,  and  at  higher 
temperatures  is  reversed,  and  the  solution  shows  a  dextral 
rotation. 

1.  Sucrose  Sugars ^  CuHaaOu. 

1.  Maltose. — Of  the  two  classes  of  sugars  mentioned  above, 
the  sucrose  is  that  which  first  demands  our  attention  in  con-  i 
nection  with  malt,  for  the  effect  of  diastatic  action  on  starch  is  i 
to  convert  it  into  a  mixture  of  dextiine  and  maltose,  the  latter 

being  a  sugar  of  the  sucrose  type.  (The  relative  proportions 
of  these  substances  produced  at  different  temperatures  have 
been  dealt  with  already,  p.  104.) 

Maltose,  when  free  from  glucose  sugars,  crystallises  like 
cane-sugar  or  sucrose,  but  is  distinguished  from  it  by  its  great 
reducive  action  with  Fehling's  solution  (cupro-potassic  tartrate), 
and  its  much  higher  rotatory  power.  The  reducive  action  is 
found,  by  Soxhlet,  to  vary  with  the  degree  of  dilution.  Maltose 
combines  with  lime  to  form  calcic  maltate,  the  solution  of 
which  is  laBvo-rotatory,  as  are  those  of  other  maltates,  though 
the  hydrate  becomes  dextro-rotatory  by  keeping. 

By  the  action  of  dilute  acids  maltose  is  gradually  converted 
into  glucose.  The  characters  of  maltose  have  not  yet  been 
sufficiently  studied,  comparatively  with  those  of  sucrose. 

Maltoic  acid,  produced  by  the  action  on  maltose  of  bromine 
water,  does  not  reduce  Fehling's  solution,  and  is  isomeric,  if 
not  identical,  with  the  so-called  dextrinic  and  gluconic  acids 
similarly  formed  from  dextrine  and  glucose.* 

2.  Sucrose, — Sucrose,  saccharose,  or  cane-sugar,  occurs  native 
in  the  sugar-cane,  in  beetroot,  and  in  other  vegetable  juices. 
It  dissolves  in  less  than  one-third  of  its  weight  of  hot  water, 
and  the  solution  has  a  dextro-rotatory  action  on  polarised 
light.  Cold  water  dissolves  a  smaller  proportion,  and  by  slow 
evaporation  the  large  and  beautiful  crystals  known  as  sugar- 
candy  are  produced.  Agitation  during  crystallisation  checks 
the  development  of  large  and  regular  crystals,  and  produces 
the  sugar  of  commerce,  either  a  loose  mass  of  dry  crystals,  or  a 
*^  loaf*'  of  the  same,  cemented  by  the  deposition  of  more  sugar 
between  the  minute  crystals.  The  average  density  of  crystal- 
lised sucrose  is  1*6;  it  fuses  at  320°  Fahr.,  and  forms  the 
well-known  barley-sugar,  which  is  subsequently  fusible  at 
200°,  and  consists,  accorcQng  to  O^lis,  of  a  mixture  of  glucose 
and  laBvulosan,  the  latter,  C«  Hiu  Oe,  being  unfermentable. 

S  OtH^^-  Agrik.'Chem,  1883,  pp.  127—129. 


MALT.  141 

Though  barley-sugar  gradually  passes  from  the  vitreous  to  the 
cr]^ta-crystalline  state,  it  will  not,  if  kept  long  in  fusion,  crys- 
tallise from  solution  subsequently ;  and  its  rotatory  power  on 
polarised  light  is  diminished. 

At  400°  loss  of  water  takes  place,  and  there  is  formed 
caramel  (CuHisOq).  This  is  soluble  in  water,  and  its  solution 
is  precipitated  by  alcohol.  It  forms  insoluble  compounds  with 
baryta  and  lead.    At  420°  it  is  carbonised. 

Flrolonged  boiling  at  230°  destroys  the  power  of  crystal- 
lisation by  causing  the  assimilation  of  a  molecule  of  water 
and  consequent  formation  of  a  mixture  of  glucose  sugars, 
known  as  ''  inverted  sugar."  This  change  is  expedited  by  the 
presence  of  as  little  as  five  per  cent,  of  strong  organic  or 
mineral  acids,  or  of  the  chlorides  of  alkalies  or  alkaline  earths. 
Longer  boiling  causes  the  assimilation  of  a  second  molecule  of 
water,  and  glucose  results,  with  traces  of  formic  acid  and  of 
ulmin,  a  brown  sparingly-soluble  substance  which  discolours 
the  syrup.  The  use  of  vacuum  pans,  enabling  ebullition  and 
evaporation  to  take  place  at  150°  Fahr.,  prevents  the  pro- 
duction of  this  uncrystallisable  discoloured  sugar  or  treacle. 

Sucrose  is  instantly  charred  by  concentrated  sulphuric  acid, 
by  chloride  of  tin,  and,  at  212°  by  dry  chlorine. 

Dilute  sulphuric  and  hydrochloric  acids  "invert  "  sucrose  as 
described  above ;  dilute  nitric  acid  (Sp.  6r.  1*25)  oxidises  it  to 
saccharic  acid,  and  more  concentrated  nitric,  to  oxalic  acid. 

Sucrose  is  slightly  soluble  in  cold  dilute  alcohol,  and  more  so 
upon  the  application  of  heat;  it  is  insoluble  in  ether,  and 
nearly  so  in  cold  absolute  alcohol. 

Lime  forms  three  distinct  compounds  with  sucrose,  by  the 
combination  of  one,  two,  and  three  molecules  respectively  of 
lime  with  one  molecule  of  the  sugar.  The  first  is  formed  by 
dissolving  lime  in  cold  dilute  syrup,  and  precipitating  the 
compound  by  addition  of  alcohol ;  it  is  bitterish  and  very 
soluble.  The  bicalcic  substance  is  produced  by  digestion 
of  the  svrup  with  excess  of  lime,  and  alcoholic  precipitation 
of  the  nitrate.  The  tricalcic  compound  is  precipitated  on 
boiling  a  solution  of  sugar  saturated  with  lime,  but  is  re- 
dissolved  on  cooling,  being,  though  nearly  insoluble  in  either 
hot  or  cold  water,  readily  soluble  in  cold  syrup. 

With  regard  to  the  precipitation  of  lime  saccharates  from 
warm  solutions,  Degener*  showed  that  it  much  depends  on  the 
compound  formed.  For  the  tricaJcic  saccharates,  saturation 
with  lime  is  requisite.  The  chlorides  of  alkalies  or  alkaline 
earths,  if  present  in  small  quantity,  assist  the  precipitation,  but 
if  in  excess  they  prevent  it. 

Baryta  forms  an  insoluble  monobasic  compound  with  sucrose, 
its  analogous  glucose  compound  being  soluble. 

Sucrose  compoxmds  with  other  bases  are  sparingly  soluble  in 
water,  but  are  readily  taken  up  by  alkaline  liquids.  In 
consequence  of  this,  sugar  prevents  the  precipitation  of  many 
metalQc  oxides,  including  those  of  copper  and  iron. 

*  Cmtr,  Agrik.'Chem,  1883,  p.  127. 
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But  in  the  absence  of  alkali  many  of  the  oxides  are  reduced' 
by  boiling  with  sucrose,  the  mercuric  salts  become  mercurous, 
end  those  of  gold  yield  the  metal  in  a  state  of  fine  sub-division. 

The  cupro-potassic  tartrate  (Fehling's  solution)  is  not 
reduced  by  sucrose,  even  on  long  boiling,  and  very  little 
cuprous  hydrate  is  precipitated  from  the  test-mixture  of  cupric 
sulphate  and  caustic  potash,  v^hich  remains  permanently  blue. 

Boiling  sucrose  takes  up  two  molecules  of  plumbic  oxide  if 
freshly  precipitated,  forming  the  compound  C12H90  (PbO)a  Oio, 
V7hich  IS  precipitated  upon  cooling,  and  loses  HaO  if  heated 
to  212°.  Another  combination  v\rith  lead  is  obtained  by  pre- 
cipitating an  ammoniacal  solution  of  triplumbic  dioxyacetate 
with  lime  sugar  (the  monocalcic  compound).  This  reaction 
takes  place  according  to  the  formula : — 

Pba  O2  (Ca  Hs  Oa)a  +  Ca  0,  Cm  Haa  On  =  Ca  (Ca  Ha  Oaja 

+  CiaHi6  0iiPb8  +  3HaO. 

Mixed  with  three  times  its  weight  of  caustic  potash,  and  slightly 
moistened,  sucrose  breaks  up  into  propionic,  formic,  and  acetic 
acids  in  combination  with  the  alkau. 

Sucrose  is  reduced  by  cupric  hydroxide,  with  production  of 
carbonic  anhydride,  formic,  glycollic,  and  other  acids. 
Alkalinity  favours  the  process  of  reduction.  But  as  the 
reaction  only  occurs  after  several  hours'  boiling,  possibly 
inversion  takes  place  prior  to  reduction.* 

Briantf  states  that  the  ash  found  in  all  but  the  most 
perfectly  refined  sugar  tends  to  prevent  crystallisation,  retaining 
in  solution  about  3'75  times  its  weight,  so  that  where  it 
amounts  to  two  per  cent,  the  refiner  has  seven  and  a-half  per 
cent,  of  crystallisable  sugar  kept  in  solution. 

Saccharic  acid  is  formed  by  precipitating  the  base  from 
tricalcic  saccharate  with  oxalic  acid.  By  evaporation  the 
anhydride  saccharine  is  deposited.  Potassic  saccharate  is 
Cfl  Hu  K  Oe,  cupric  is  Cia  Haa  Cu  Oia.  The  zinc  and  calcium 
saccharates  are  uncrystallisable.  Nitric  acid  (Sp.  Gr.  1*375) 
oxidises  saccharic  to  oxalic  acid,  and  a  new  acid,  Ce  Hio  O7,  the 
aqueous  solution  of  which  has  slight  IsBVO-rotatory  power.  I 

2.  Glucose  Sugars,  CcHiaOc. 

1.  Glucose. — Glucose,  dextrose,  or  grape-sugar  occurs  in 
nature  in  fruit,  honey,  eggs,  &c.,  and  is  produced  in  the  process 
of  brewing  by  the  alteration  of  dextrine.  It  is  from  half  to 
three-fifths  as  sweet  as  sucrose,  and  less  soluble  in  water.  It 
is  insoluble  in  absolute  alcohol,  but  enters  into  solution  if  so 
little  as  five  per  cent,  of  water  be  added.  A  saturated  aqueous 
solution  contains  nearly  equal  weights  of  sugar  and  water,  and 
is  not  decomposed  by  dilute  sulphuric  acid.  Dry  glucose  fuses 
at  295^  Fahr.,  is  converted  to  glucosan  at  340^,  and  burns  at 
420°,  forming  caramel  by  loss  of  three  molecules  of  water  from 
two  of  glucose,  thus : — 

•  KiBBBXAinr  And  Hono,  MonaUh,  Chtm,  bd.  iii.  pp.  661--667  [1882]. 

t  LaboratoiT  Textbook.     1 884. 

X  KzLLun,  i^.  dmU$eh,  thmn.  Of.  bd.  xt.  pp.  2963—2960  [1882]. 
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2C6Hia06,H2  0  — 3HaO  =  CuiHi8  09. 

A  bitter  substance,  termed  assamar,  is  formed  by  a  conti- 
nuation of  the  process,  and  at  a  higher  temperature  car- 
bonisation ensues,  and  a  pure  charcoal  is  left.  The  aqueous 
solution  of  glucose  rotates  the  rays  of  polarised  light  to  the 
right  hand  through  an  angle  of  56°.  Ordinarily  evaporation 
of  solution  of  glucose  produces  a  granular  crypto-crystalline 
mass,  but  anhydrous  crystallised  glucose  has  been  obtained  by 
Soxhlet  and  Behr*  from  concentrated  syrup,  aided  by  the  ad- 
mixture of  methyl-alcohol,  which  keeps  impurities  in  solution. 

If  common  salt  be  present,  large  and  regular  crystals  are 
formed,  containing  two  molecules  of  glucose,  with  one  of  salt 
and  one  of  water,  thus  : — 

NaCl(C6Hia06) 
HaO(C6HuO«). 

Two  other  compounds  of  glucose  with  water  and  salt  are 
known,  but  are  less  easily  produced. 

Glucose  dissolves  in  concentrated  sulphuric  acid  without 
blackening,  producing  sulpho-saccharic  acid.  By  dilute  nitric 
acid  it  is  oxidized  into  saccharic  acid  Ca  Hio  Os,  H2  O. 

On  the  other  hand,  caustic  alkali  boiled  with  glucose 
solution  turns  it  dark  brovm  or  black,  and  acids  precipitate 
from  the  discoloured  syrup,  a  black  powder,  called  melasinic  acid, 
and  having  the  composition  Cu  Hia  Os. 

With  a  solution  of  cupric  sulphate,  to  which  potassic  hydrate 
is  added,  glucose  solution  dissolves  the  cupric  hydrate,  but  on 
the  application  of  heat  a  heavy  green  precipitate  falls,  changing 
rapidly  to  scarlet,  and  ultimately  to  dark  red,  whilst  the 
supernatant  solution  becomes  nearly  colourless  as  the  cuprous 
hydrate  settles  down.  A  similar  reducing  action  takes  place 
with  ferric,  argentic,  or  mercuric  salts,  silver  and  mercury 
being  reduced  to  the  metallic  state,  whilst  the  ferric  salts 
become  ferrous. 

Habermann  and  Honigf  state  that  strong,  and  if  free  alkali 
be  present,  immediate  reduction  occurs  when  cupric  hydroxide 
is  introduced  into  hot  glucose  S3nrup  ;  carbonic  acid  is  evolved, 
and  the  resulting  solution  contains  formic,  glycollic,  and,  if 
soda  be  added,  glyconic  acid.  In  neutral  solutions  the 
reduction  is  slower. 

2.  LcBVulose. — ^LsBvulose,  occurring  in  fruit,  &c.,  with  glucose, 
differs  from  it  in  its  lesvo-rotatory  action  on  polarised  light,  and 
its  less  ready  oxidation  to  alcohol  under  zymotic  influences. 

It  reduces  Fehling's  solution  (cupro-potassic  tartrate)  with 
the  aid  of  heat,  and  combines  with  lime  to  form  a  sparingly 
soluble  compound,  crystallising  in  needles,  and  consisting  of 
two  molecules  of  IsBVulose  with  three  of  lime  (C0Hi2O6)a, 
(CaO)8i  closely  analogous  to  the  tricalcic  sucrose  compound 
previously  described. 

*  TbljfL  Jowm,  bd.  ocxlv.  pp.  121—125  [1882],  and  (kntr,  Affrik.'Chem.  1882, 
p.  698. 

t  MonaUh,  Chmn,  bd.  iu.  pp.  651—657  [1882]. 
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By  the  nascent  hydrogen  evolved  from  water  by  sodium, 
IsBVulose  is  converted  into  mannite,  Ce  Hu  O0. 

At  338°  IsBvnlose  loses  water  and  becomes  IsBVulosan,  which, 
by  boiling  in  water,  is  reconverted  into  sugar ;  IsBvulosan,  being 
isomeric  with  dextrine,  cellulose,  and  starch,  is  CeHioOs; 
with  dilute  nitric  acid,  saccharic  acid  is  formed. 

Habermann  and  Honig  (loc.  dt.)  find  that  the  reduction  of 
a  solution  of  IsBVulose  by  cupric  hydroxide  takes  place  much 
more  readily  than  that  01  glucose  or  sucrose,  but  the  products 
are  the  same,  varjdng  only  in  relative  proportions. 

Inverted  sugar  is  reduced  by  cupric  hy^oxide  at  212°  Fahr., 
with  evolution  of  carbonic  acid  gas,  and  the  production  of 
formic,  glycoUic,  and  other  acids.  By  the  presence  of  alkalis, 
the  reduction  is  hastened  and  its  amount  increased.* 

Inverted  sugar  formed  as  described  under  Sucrose,  is  a 
mixture,  in  equal  proportions,  of  glucose  and  IsBvulose,  which 
may  be  separated  by  the  following  process:  Five  parts  of 
inverted  sugar  are  dissolved  in  fifty  parts  of  water,  and  three 
parts  slaked  lime  added.  The  syrup  oecomes  pasty,  and,  being 
strained,  through  linen,  yields  a  fluid  compound  of  lime  and 
glucose,  and  a  pasty  one  of  lime  and  IsBvulose,  the  tricalcic 
combination  mentioned  above.  The  lime  can  be  precipitated 
from  these  by  oxalic  acid,  leaving  the  sugars. 

5.  Fats. 

The  fatty  matters  in  malt  have  not  been  so  much  studied  as 
those  of  barley  and  other  grain  in  the  natural  state.  They  are 
reduced  in  amount  by  germination  proportionately  to  the  rate 
of  the  process,  slow  growth  only  diminishing  the  amount  of 
barley  lats  by  twenty  per  cent.,  whilst  rapid  growth  causes  a 
reduction  of  30*2  per  cent.  The  average  in  m^t  may  be  taken 
at  1*40  per  cent. 

6.  Besins. 

The  resins  in  the  husk  of  barley  are  partly  dissolved  in  the 
steep-water,  and  the  rest  are  modified  in  germination,  and  to  a 
larger  extent  in  kiln-drjring.  The  changes  effected  are,  probably, 
the  removal,  as  carbonic  acid  gas  and  water,  of  some  of  the 
atoms  of  these  complex  bodies,  but  that  process  does  not  of 
necessity  imply  simplification  of  the  constitution  of  the  result- 
ing compound,  where  the  loss  of  some  atoms  is  accompanied 
by  condensation  of  two  or  more  molecules  of  the  remainder. 
Oxidation,  also,  though  generally  meaning  abstraction  of  carbon 
or  hydrogen,  may,  in  some  cases,  be  the  addition  of  oxygen  to 
a  body  already  of  complex  structure.  Hydration,  in  like  manner, 
mav  mean  only  the  condensation  of  water,  as  such,  within  a 
molecule,  or  it  mav  be  that  the  hydrogen  and  oxygen  become 
bonded  respectively  with  separate  atoms,  not  again  to  form 
water  till  tne  molecule  is  decomposed  into  its  simplest  con- 
stituents. 

•  HtBiwftim  and  Hdno,  ke,  cii. 
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Most  of  the  natural  resins  are  mixtures,  sometimes  of  several 
substances,  closely  allied  if  not  identical  in  composition,  and 
differing  chiefly  in  degrees  of  solubility  in  alcohol,  ether,  and 
other  media.  The  flavour  of  malt-liquors,  including  whisky, 
depends  greatly  on  the  almost  infinitesimal  amount  of  resinous 
matter  derived  from  the  malt,  and  the  subject  is  one  that 
would  probably  repay  careful  investigation. 


7.  Ash. 

The  amount  and  composition  of  the  mineral  matter,  or  ash, 
of  malt  necessarily  varies  in  every  sample.  Not  only  is  the 
relative  quantity  of  ash  dependent  on  the  extent  to  which 
organic  ingredients  and  moisture  have  been  removed  from  the 
grain  by  germination  and  drying,  but  the  actual  amount  in  the 
malt  from  a  ^ven  weight  of  barley,  fluctuates  with  the  two 
independent  factors,  the  original  proportion  and  composition 
of  the  ash,  and  the  extractive  power  of  the  water  used  for 
steeping. 

There  is  not  a  great  number  of  published  analyses  of  malt- 
ash,  most  authors  confining  their  attention  to  consideration  of 
the  organic  matter  present,  and  merely  recording  the  total 
amount  of  ash. 

In  their  report  to  the  Government  on  the  effect  of  malt  and 
barley  as  food  for  cattle  (1846),  Drs.  T.  and  E.  D.  Thomson 
give  the  following  analysis  of  malt-ash : — 


Silica 

28-74 

Phosphoric  acid       

38-34 

Chlorine       

trace 

Peroxide  of  iron      

1-69 

Liime ... 

3-89 

Magnesia      

9-82 

Potash          

11-72 

Soda  ... 

5-90 

100-00 

Lermer*  gives  the  following : — 

Silica 

...    0-69861 

Phosphoric  acid ...          

..      0-73575 

Sulphuric  acid     

trace 

Chlorine 

...     0-00406 

Alumina 

...     0-00917 

Lime         ...           

...     008029 

Magnesia 

...     014231 

Potash      

...     0-37433 

Soda 

...     0-01731 

Total  in  100  of  barley 206182 

*  Foltfi,  Jaum,  bd.  clzxix.  pp.  71—^  [1866]. 
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In  1883  Michel  and  Jackel-Handwerck  published,  in  an 
account  of  investigations  into  the  chemistry  of  malting,*  the 
following  analyses  of  the  ash  of  eight  varieties  of  malt,  viz. — 
1,  Hungarian ;  2,  Slavonian ;  3,  Batisbon ;  4.  Bohemian ; 
6,  Franconian ;  6,  Saal ;  7,  Moravian ;  8,  Swedish : — 


Silica 

PhoBphorio  aoid 
Sulphuxio  aoid 
Lime 

Magnesia  .. 
Ferric  oxide 
Potash 


Total  oah  .. 


Nitzogen    .  • 


1. 

2. 

0-698 

0*711 

0*929 

0-868 

0*029 

0.064 

0*091 

0*072 

0*253 

0.266 

0*022 

0018 

0-468 

0*363 

2-480 

2*390 

1*626 

1*600 

3. 


0*677 
0*904 
0*012 
0*087 
0*236 
0019 
0*470 


2*440 


1*867 


0*644 
0*708 
0*029 
0-077 
0*219 
0*014 
0*367 


2*300 


1*798 


6. 

6. 

7. 

0-726 

0*666 

0*770 

0*779 

0*784 

0*880 

0*012 

0-019 

0*031 

0*084 

0096 

0*086 

0*239 

0*239 

0-219 

0*017 

0*011 

0*016 

0*386 

0*417 

^^ 

2*420 

2*360 

• 

2*320 

1-729 

1*668 

1*733 

8. 


0*661 
0093 
0*068 
0*082 
0*212 
0*016 
0-407 


2*310 


1-413 


The  composition  of  the  ash  of  the  original  grain  of  these 
malts  has  been  already  given,  p.  109. 


n.— PB0TEIN8. 

I  have  already  described  the  composition  of  several  varieties 
of  nitrogenous  matter  as  occurring,  or  alleged  to  occur,  in  barley. 
The  effect  of  malting  is  to  convert  a  portion  of  these  glutens, 
by  a  process  of  hydration,  into  amides  and  peptones. 

According  to  Professor  UlUk,t  normal  malt  contains  no 
peptones,  the  soluble  nitrogen-compounds  being  nearly  all 
amides,  though  traces  of  peptones  might  be  formed  under 
certain  conditions  of  manufacture  or  storage.  Even  in  the 
process  of  brewing  but  little  peptone  is  produced,  and  the 
important  effects  upon  fermentation  attributed  to  peptonisation 
are,  in  fact,  due  to  the  amount  of  amides  produced  by  modi- 
fication of  glutens,  so  that  the  aim  of  the  maltster  should  be 
the  development  of  amides  rather  than  of  peptone. 

On  the  other  hand,  Behrend  and  Stiircke  give,  in  the 
Wochenschrift  fur  Bierbrauerei,  1884,  an  account  of  various 
experiments  in  malting,  carried  out  at  the  Agricultural  Academy 
of  Hohenheim,  in  which  nearly  half  the  soluble  nitrogen  com- 
pounds are  placed  under  the  head  of  **  Soluble  Albumen,"  and 
the  remainder  under  **  Non- Albumen." 

Converting  the  nitrogen-percentages  given  into  those  of  the 
protein-compounds,  we  have  the  following: — 


•  PolyUJoum,  bd,  ocxlvii.  pp.  82-86,  168—173,  214—218  (1883). 
Journ.  Chan,  Soc.  vol.  xliv.  pp.  631 — 633. 

t  Allgemeine  Brumr'  und  Jlopfen'Zeiiunf,  1882. 
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Proportions  of  Nitrogenous  Bodies  at  Various  Stages  of  Ger- 
mination, calculated  as  Percentages  of  the  Total  Dry  Matter 
present. 

I.— Sajll  Bablbt. 


Albmnen. 

stage  of  Oiowtili. 

Solnble. 

Albumen. 

Total 

Solnble. 

Insolnble. 

Original  grain 

20739 

1-1114 

0-9625 

9-3929 

11-4668 

Steep-ripe   . . 

1*3239 

1-0427 

0-2812 

9-9729 

11-2968 

After  22  hours 

1-3428 

0-9928 

0-3500 

9.9729 

11-3157 

,,     62      ,, 

2-3794 

1-8607 

0-5187 

90249 

11-4043 

„     86      „ 

2-8166 

2-1666 

0-6600 

9-2267 

12-0433 

M  134      „ 

6-5283 

30533 

3-4750 

61746 

12-7029 

II. — ^HmroABZAN  Bablbt. 


Stage  of  OzowUl 


Original  Grain 
Steep-ripe  .. 
After  41  hours 
89 

113 

137 

185 

209 


»> 


>> 


Solnble. 


2-9971 
2-2478 
3-8713 
7-1805 
7-6801 
7*6801 
9-3035 
9-2410 


Non- 
Albmnen. 


Albmnen. 


Solnble. 


loflolnble. 


1-8732 

1-1239 

12-4116 

1-4985 

0-7493 

12-4116 

2-4976 

1-3737 

12-2245 

4-9327 

2-2478 

9-8505 

5-4323 

2-2478 

9-4992 

5-7445 

1-9356 

9-6239 

6-7435 

2*5600 

9-7881 

6-9308 

2-3102 

9-7881 

Total. 


15-4087 
14-6594 
16-0958 
170310 
17-1793 
17-3040 
19-0916 
190291 


The  Saal  barley  used  was  large-grained,  1,000  kernels 
weighing  732  grains.  It  was  steeped  in  hard  water  for  thirty- 
six  hours,  with  a  change  of  water  at  the  twenty-fourth  hour. 
It  chitted  at  twenty-two  hours,  and  at  sixty-two  the  radicles 
were  as  long  as  the  corn,  the  acrospire  two-thirds  up.  At 
eighty-six  hours  the  radicles  were  half  as  long  again  as  the 
com,  and  the  acrospire  three-fourths  up.  At  136  hours  the 
overgrown  malt  had  leaflets  as  long  as  the  corn,  and  radicles  of 
twice  that  length. 

The  Hungarian  barley  was  smaller,  1,000  kernels  weighing 
680  grains.  At  eighty-nine  hours  the  radicles  were  as  long  as 
the  com,  the  acrospire  half  to  two-thirds  up.  At  113  hours 
radicles  from  one  and  a-half  to  twice  the  length  of  the  grain ; 
acrospire  three-fourths  up.  At  137  hours  the  Srcrospire  reached 
the  top  of  the  com.  At  185  hours  a  leaflet  was  out ;  and  at 
209  hours  several  large  leaflets  from  each  kernel,  the  radicles 
still  not  exceeding  twice  the  length  of  the  grain. 

The  increase  in  total  percentage  of  nitrogenous  bodies  is 
partly  due  to  the  hydration  of  gluten  to  amides  or  peptones, 
but  chiefly  to  the  loss,  by  respiration,  of  carbohydrates. 
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The  loss  of  nitrogenoos  matter  by  steeping  varies  from  three 
to  five  per  cent,  but  no  farther  loss  appears  to  take  place  on 
the  growing  floor.* 

The  foregoing  tables  include  the  nitrogen  compounds  of  the 
radicles  and  acrospires,  which  contain  a  very  large  amount  of 
these  bodies,  principally,  if  not  wholly,  in  the  amide  form,  and 
are  lost  to  the  brewer  by  the  screening  of  the  malt. 

Diastase. 

This  name,  which  was  originated  by  MM.  Payen  and  Persoz 
in  1833, t  is  familiar  to  every  brewer  who  uses  malt,  but  it  is 
questionable  if  it  represents  a  real  substance,  or  only  an 
energetic  condition  of  bodies  known  when  inert  under  other 
names.  The  reality  of  diastatic  action  is  one  thing,  the  sub- 
stantial existence  of  a  definable  compound  entitled  to  that 
distinctive  name  is  another. 

Mach  controversy  has  taken  place  as  to  the  nature  of  this 
hypothetical  agent,  the  older  writers  treating  of  it  as  an 
individuality,  whilst  the  more  generally  received  view  at  the 
present  time  is  to  attribute  hydrolytic  power  to  several  of  the 
soluble  proteins,  retaining  the  uame  diastase  for  the  variable 
mixture  of  these  bodies  yielded  by  malt,  ungerminated  grain, 
&c. 

It  would  seem,  too,  that  the  diastatic  energy  of  the  different 
ingredients  reaches  its  maximum  at  different  temperatures,  a 
heat,  which  destroys  the  power  of  some,  merely  fomenting  that 
of  others. 

It  is  probable  that  diastatic  power  is  possessed  by  a  very 
wide  range  of  unstable  organic  bodies,  of  which,  as  far  as  we 
at  present  know,  nitrogen  constitutes  an  essential  part. 

The  terms  enzymes,  soluble  ferments,  &c.,  have  been  put 
forth  as  class-names,  whilst  invertin,  nuclein,  &c.,  are  supposed 
to  be  individual  forms,  or  species,  occurring  in  vegetable 
organisms,  and  ptyahn,  pepsin,  pancreatin,  &c.,  in  animal 
secretions. 

As  a  class  they  are  coagulable  at  or  below  212°  Fahr., 
and  are  precipitated  from  solution  by  alcohol.  By  the  action 
of  certam  reagents,  such  as  borax,  saUcylic  acid,  &c.,  the 
diastatic  energy  is  lessened  or  destroyed,  without,  apparently, 
any  change  in  the  constitution  of  the  solution,  though  doubt- 
less some  internal  alteration  and  rearrangement  of  molecular 
structure  is  effected. 

Bepeated  precipitation  by  alcohol  and  re-solution  produce 
the  same  effect.  These  facts,  and  those  of  the  action  of  varying 
temperatures,  fuUy  account  for  the  wide  discrepancy  in  the 
statements  of  different  authors  as  to  the  proportionate  quantity 
of  starch  which  a  given  amount  of  **  diastase  "  can  convert ;  a 
question  which  is  further  comphcated  by  the  subsequent  altera- 

*  HofiAXUS  [Anm,  Landw.  Preutt,  U.  I.  pp.  136->143  [1867])  aaaerts  the  eroliition 
of  ammonia  during  the  steeping  of  barley, 
t  Ann,  Chitn.  Fh^$.  a6r.  2,  t.  UU.  pp.  73^93  ;  t  Ivi  pp.  337-371. 
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tion  of  the  maltose  and  dextrine  first  produced,  which  may  be 
promoted  by  the  diastase  at  the  expense  of  loss  of  energy. 

In  1879  Brown  and  Heron  published  a  paper*  on  "  The  Trans- 
formations of  Starch,"  of  which  it  is  scarcely  possible  to  speak 
too  highly  as  an  addition  to  the  classical  literature  of  organic 
chemistry. 

Towards  the  close  of  their  work  they  detail  the  effects  of 
heat  on  the  cold  extract  of  malt  used  as  a  standard  diastatic 
agent,  as  follows : — 

"  When  malt  extract  is  gradually  heated,  coagulation  is 
first  apparent  at  about  46°  C.  [115°  Fahr.t] . 

"  when  this  temperature  is  maintained,  the  maximum 
amount  of  precipitation  possible  under  these  conditions 
takes  place  in  from  15  to  20  minutes,  a  continuance  of  the 
heating  having  no  further  influence.  If,  however,  the 
temperature  is  raised  a  few  degrees,  a  farther  coagulation 
takes  place,  which  in  turn  soon  attains  a  maximum.  This 
increase  of  coagulation  with  the  temperature  continues  up 
to  about  95°  C.  [203°Fahr.]. 

**  The  amount  of  coagulation  produced  by  heating  equal 
quantities  of  normal  malt  extract  to  a  given  temperature 
is  shown  in  the  following  table.  The  third  column  gives 
the  quantity  of  precipitated  albumen,  calculated  as  a  per- 
centage upon  the  total  amount  thrown  dovm  at  100°  C. 
[212°  Fahr.] . 

100  c,c.  of  Normal  Malt  Extract, 


Temperature. 

Gentignde. 

Fahrenheit. 

60° 

122°" 

60 

■140' 

66 

'161" 

76 

'169' 

100 

[212] 

Grains  of  Albumen 
coagulated. 


0044 
0123 
0155 
0186 
0-230 


Percentage  of  total 
amount. 


19-1 
53*5 
67-4 
80-8 
1000 


Every  stage  in  the  coagulation  of  malt  extract  by  heat 
is  attended  with  a  distinct  modification  of  its  starch-trans- 
forming power ;  and,  conversely,  we  have  never  been  able 
to  discover  any  modification  in  starch-transforming  power 
which  is  not  attended  with  distinct  coagulation. 

"In  addition  to  this,  at  80°  to  81°  [177°  Pahr.], 
the  point  at  which  the  diastatic  power  of  malt  extract 
is  destroyed,  nearly  the  whole  oi  the  coagulable  albu- 
minoids have  been  precipitated.  We  are  consequently 
led  to  conclude  that  the  mastatic  power  is  a  function  of 
the  coagulable  albuminoids  themselves,  and  is  not  due,  as 
has  been  generally  supposed,  to  the  presence  of  a  distmc- 
tive  transforming  agent. 

*  Jowm,  Chem.  Soe,  toI.  xzxt.  pp.  696 — 654. 

t  Sqoare  brackets  endoae  additioiiB  to  the  original  of  thia  quotation. 
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''Diastatic  action  appears  to  be  as  inseparably  connected 
with  the  coagulable  albuminoids  as  the  production  of 
alcohol  is  with  the  yeast  cell ;  and  the  evidence  in  favour 
of  a  causal  connection  of  these  phenomena  appears  to  be 
as  strong  in  the  one  case  as  in  the  other. 

•  •  •  •  • 

"  During  the  process  of  germination  the  coagulable 
albuminoids  must  evidently  undergo  some  change,  which, 
without  materially  altering  their  physical  properties, 
confers  upon  them  a  large  amount  of  potential  ener^. 

*'  It  is  possible  that  these  bodies  consist  of  portions  of 
the  cell  protoplasm  (still  retaining  some  of  the  properties 
of  living  protoplasm),  which  are  thrown  into  a  state  of 
varying  molecidar  tension  whilst  undergoing  the  modi- 
fications necessary  for  the  requirements  of  the  growing 
embryo.  The  direction  of  these  modifications  is  probably 
firom  the  extreme  colloidal  form  to  a  state  admitting  of 
fireer  passage  through  the  cell  walls. 

"  The  molecular  tension  of  the  albuminoids  results  in 
great  instability  of  composition,  which  is  capable,  under 
favourable  conditions,  of  inducing  the  hydrolysis  of  starch. 

"  We  have,  up  to  the  present  time,  been  unable  to 
discover  any  marked  change  of  state  in  the  transforming 
agent  attendant  upon  the  liberation  of  so  large  an  amount 
of  energy.  It  is  evident  that  some  such  change  must  take 
place,  but  it  has  hitherto  escaped  our  notice." 

Zulkowsky*  describes  a  mode  of  extracting  diastase  from 
malt,  consisting  in  its  extraction  by  strong  alcohol  (in  the 
cold) ;  the  filtrate  being  evaporated  to  dryness,  made  into  a 

Saste  with  glycerol,  and  placed  in  a  vacuum  for  eight  to  twelve 
ays.  The  mass  is  then  squeezed,  and  the  glycerol  extract, 
diluted  with  water,  is  filtered  into  a  mixture  of  alcohol  and 
ether.  The  diastase  is  thus  precipitated  in  flakes,  drying  to  a 
white  earthy  nowder,  slightly  soluble  in  water,  forming  an 
opalescent,  slightly  colloidal  fluid,  precipitated  by  acetic  acid, 
sodic  chloride,  or  sulphide,  on  the  application  of  heat.  The 
average  of  several  analyses  gave  the  following  as  the  com- 
position of  this  subject : — Carbon,  4757  ;  hydrogen,  6*49  ; 
nitrogen,  514 ;  oxygen  and  sulphur,  87*64 ;  ash,  consisting  oi 
phosphates  of  potash,  lime,  and  magnesia,  with  traces  of 
sulphates,  316. 

It  is  evident  that  this  mode  of  preparation  does  not  extract 
the  normal  diastatic  elements  of  the  malt,  which  are  insoluble 
in  alcohol ;  and  the  analyses  confirm  this,  at  the  same  time 
showing  the  wide  range  of  composition  of  bodies  agreeing  in 
the  possession  of  diastatic  energy.  May  it  not  be  said  that 
this  process  is  rather  one  of  synthesis  than  of  separation — that 
the  diastase  obtained  is  produced  from  non-diastatic  substances 
by  the  agents  used,  and  not  pre-existent  in  the  malt  ? 

•  SiU,  k.  Ah,  Wi9$.  Wim,  bd.  IzzriL  th.  ii.  pp.  647-6M  [1878]. 
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Amides. 

The  tables  given  on  p.  147  show  the  gradual  increase  during 
growth  of  the  amount  of  amides,  but  the  effect  of  drying  is  not 
yet  accurately  discovered.  Gluten  heated  (after  thorough 
washing)  to  240°  Fahr.  in  a  closed  tube  is  converted  into 
peptones  and  amides,  in  which  no  trace  of  albumen  remains. 
It  is  therefore  probable  that  the  heat  of  the  kiln  tends  to 
promote*  the  alteration  of  the  albumen  remaining  in  green 
malt ;  and  it  is  found  under  some  circumstances  that  more  than 
two-thirds  of  the  nitrogenous  matter  in  malt  consists  of 
amides. 

Prof.  UUik  {he.  cit)  gives  the  following  results  of  experi- 
mental mashings : — 


IhlOOpurtBoflCalt 

A 

B 

C 

D 

B 

F 

Albmninoid  nitrogen 
Peptone  nitrogen . . 

Unloiown  mtzogen 

0-124 
0-000 
0-330 
0005 

00962 
0-0686 
0*2000 
0*0609 

0-0004 
0-0621 
0-3260 
0*0109 

0-249 
0-000 
0-247 
0*017 

0-2366 
00314 
0-2370 

0137 
0-018 
0-265 

Total 

0*469 

0-4147 

0-3994 

0-513 

0-5050 

0*420 

A  was  a  oold  mash  at  55°->60°  Fahr. 

B,  of  the  same  grist,  was  graduallj  heated  to  167*^  Fahr,  and  kept  so  for  an 
honr. 

C,  also  of  the  same  malt,  after  gradual  heating  to  167*^  Fahr.,  was  boiled  for 
half  an  hour. 

jy  Qood  malt  bnt  old ;  same  treatment  as  A. 

£  The  same,  with  treatment  of  B. 

F  The  same,  gradually  heated  to  167®  Fahr.,  then  boiled  for  an  hour. 

The  fluctuation  of  the  proportions  of  amides  and  peptones 
is  noticeable.  The  extraction-process  necessarily  leaves  most 
of  the  albumen  in  the  grains  in  an  insoluble  state. 


Peptone  (Hemialbuminose)  . 

The  question  (implied  in  the  above  synonym)  whether 
peptones  should  or  should  not  be  termed  proteins  or 
albuminoids  is  not  one  of  much  practical  importance  so  long  as 
the  distinction  between  them  and  glutens  is  duly  understood. 

Peptones  are  soluble  in  cold  water,  and  the  solution  is 
unaffected  by  boiling ;  glycerine  has  also  a  solvent  action,  but 
alcohol,  ether,  and  chloroform  throw  down  in  neutral  solutions 
a  white  precipitate  which  turns  yellowish  when  dry  and 
becomes  orittle.  Dilute  chloride  of  iron  gives  a  permahent 
precipitate,  whilst  that  from  a  strong  solution  is  instantly 
re-dissolved. 

Peptones  are  precipitated  by  basic  plumbic  acetate, 
mercuro-potassic  iodide,  sodic  sulphate,  acetified  ferrocyanide 
of  potassium,  or  a  combination  of  ferric  acetate,  and  sodic 
phosphate,  the  three  last  only  with  boiling,  and  it  is  doubtful 

L  2 
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whether  the  ferrocyanide  precipitate  is  formed,  if  no  unmodified 
albumen  be  present. 

Plumbic  hydrate,  with  a  trace  of  acetate,  has  no  effect  on  a 
solution  of  peptone. 

Tannin  gives  a  brown  precipitate  in  neutral  or  sUghtly  acid, 
but  not  in  alkaline  solutions. 

The  precipitate  given  by  mercuric  nitrate  (Millom's  reagent) 
is  brown,  but  turns  red  upon  the  appUcation  of  heat. 

Peptones  are  easily  precipitated  by  phosphotungstic  acid 
containing  a  trace  of  sulphuric  acid. 

The  minutest  trace  of  peptone  can  be  detected  by  the 
characteristic  red-violet  colouration  produced  by  sulphate  of 
copper   in    an  alkaline   solution.      This  reaction,   which  is 

fenerally  known  as  the  biuret  test,    was    first    noticed  by 
[ofineister,  and  by  the  use  of  standard  solutions  serves  even 
for  quantitative  determinations  of  peptone. 

In  the  conversion  of  albumen  into  peptone  Pohl*  finds  no 
change  in  the  specific  gravity,  rotatory  power,  or  index  of 
refi^Lction,  hence  he  regards  the  peptones  as  merely  more 
soluble  modifications  of  albumen.  He  gives  the  specific 
rotation  [a]  d  =  — 14*779  deg.  when  q  (percentage  of  water  in 
solution)  =  0  and  [a]  d  =  —  63'779  deg.  when  q  =  100  (an 
infinitely  dilute  solution). 

^_  ft  ^^  1 

The  specific  refraction  — ^ —  =  04212  when  g  =  0,  and 

0-3316  when  q  =  100. 

By  the  slow  action  of  alcohol  or  of  neutral  alkaline  salts, 
peptones  are  dehydrated  back  into  albumens.  The  first  stage 
IS  that  of  Meissner's  )3-peptone,  precipitable  by  a  mixture  of 
acetic  acid  with  potassium  ferrocyanide.  The  second  stage  is 
Meissner's  a-peptone,  precipitable  by  nitric  acid.  Meissner's 
metapeptone,  insoluble  in  cold  water,  forms  the  third  stage ; 
and  m  the  fourth,  neutral  salts  give  a  precipitate  soluble  in 
hot  water,  but  separating  again  on  cooling,  indicating  the 
presence  of  Meissner's  parapeptone,  Schmidt-Mulheim's  pro- 
peptone,  Euhne's  hemialbununose. 

Parapeptones. 

This  name  was  given  by  Meissner  to  a  class  of  nitrogenous 
bodies  intermediate  between  the  albumens  and  the  peptones, 
and  representing  probably  the  first  stage  in  the  modifications, 
effected  by  malting,  of  the  crude  glutens  of  barley  (see  above). 

Parapeptones  are  soluble    in    absolute    alcohol,    and    are 

Precipitated  by  excess  of  ether ;  the  white  flakes  turn  yellow 
y  exposure  to  air,  and  deliquesce  to  a  brown  syrup,  a  hydrate 
being  formed,  the  solution  of  which  is  yellow. 

With  mercuric  nitrate  a  red  precipitate  is  produced ;  with 
sodic  sulphate,  the  solution  clouds,  but  there  is  no  precipitate, 
even  upon  the  addition  of  acetic  acid,  but  ether  precipitates  the 
solution. 

•  Bfr.  deutteK  Mm.  Ge$,  bd.  zH  pp.  1162—1170  [1883]. 
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No  action  is  produced  by  nitric  or  hydrochloric  acid, 
chlorides  of  iron  or  mercury,  or  acetified  ferrocyanide  of 
potassium. 

Griessmayer  holds  that  parapeptones  are  developed  in  malt 
during  kiln-drying ;  Briant  prefers  to  consider  their  production 
in  boiling  wort  as  the  safer  hypothesis. 


Acidity  in  Malt. 

In  my  account  of  the  chemical  composition  of  malt  no 
mention  has  been  made  of  the  proportion,  often  considerable, 
of  lactic  and  other  allied  acids,  from  which  few  samples  of  malt 
are  free. 

The  omission  has  been  intentional,  as  such  acids  indicate 
defect  either  in  the  original  grain,  the  process  of  malting,  or 
the  storage  of  the  finished  product. 

The  determination  of  the  amount  of  acidity  in  malt  is  a 
brewer's  question  rather  than  a  maltster's,  but  if  maltsters  would 
master  the  principles  of  the  few  simple  tests  needed  to  determine 
acidity,  and  would  frequently  test  their  malt  during  growth  and 
storage,  much  useful  light  would  be  thrown  upon  their  work. 
Some  practices  would  be  discontinued  and  others  initiated, 
whilst  the  defects  of  many  buildings  would  no  longer  be 
tolerated. 

Stored  malt  often  increases  in  acidity  with  age,  especially  if 
it  become  slack. 

The  lactic,  butyric,  and  other  acids  formed  in  malt,  are  due 
to  the  alteration  of  the  starch  and  dextrine  under  the  influence 
of  the  unstable  proteins.  The  action  is  so  far  akin  to  that 
which  produces  the  sugars,  &c.,  in  the  mash  tun,  that  it  may 
rightly  De  termed  diastatic ;  but  whereas  the  organized  ferments 
which  promote  the  formation  of  sugar  are  saccharomyces,  the 
disease  ferments  accompanying  the  development  of  lactic  and 
other  acids  are  schizomycetes.  For  the  characteristic  forms  of 
these  microscopic  fungi,  the  works  of  Pasteur  must  be  con- 
sulted. It  is  only  necessary  here  to  remark  that  the  spores  of 
these  low  organisms  are  everywhere  present,  adherent  to  all 
vessels  and  tools,  and  to  the  exterior  of  all  grain,  however 
thoroughly  cleansed. 

The  conditions  of  germination  of  grain  are  practically  those 
of  development  of  these  fungoid  spores,  but  by  judicious  treat- 
ment it  is  possible  to  check  the  inferior,  without  injuring  the 
superior,  vegetation,  or  at  any  rate  to  prevent  the  numerical 
increase  of  the  former  implied  in  perceptible  mould-develop- 
ment on  floor. 

Brynych*  states  that  the  special  forms  of  bacteria,  by  which 
lactic  fermentation  is  fomented,  if  not  originated,  make  their 
appearance  in  the  steeping-cistem,  and  are  found  in  every 
vessel  through  which  malt  or  its  extract  passes,  even  to  the 
fermen  ting-tuns. 

•  Mt»ehr.  Brauind,'  Ver,  Bdhm,,  1880. 
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The  broken  or  idle  corns  on  the  growing-floor,  and  the 
firagments  of  malt  in  worts,  constitute  a  very  favourable  soil 
for  this  and  allied  species  of  ferments. 

The  temperature  most  suitable  to  their  development  is 
from  85^  to  125°  Fahr.»  and  their  vigorous  growth  within  that 
range  is  one  of  several  reasons  for  the  maintenance  of  low 
temperatures  in  cistern,  upon  growing-floors,  and,  at  a  later 
sta^e,  in  fermenting-tuns. 

£ehmann*  holds  that  fatty  matter  is  essential  to  lactic 
fermentation,  and  ^ves  an  instance  of  beer  brewed  from  oats 
at  Horn,  in  Styna,  remarkable  for  its  peculiar  lactic-acid 
flavour.  As  oats  have  an  average  of  5*4  per  cent,  of  fatty 
matter,  against  barley  2*1,  and  wheat  but  1'8  per  cent.,  this 
unusual  production  of  lactic  acid  is  supposed  to  be  due,  in  part 
at  least,  to  the  excess  of  fats  present. 

Fat  is  not,  however,  necessary  to  the  formation  of  lactic 
acid,  which  can  be  obtained  from  bodies  entirely  devoid  of  any 
fatty  matter,  although  the  fermentation  method  of  production 
may  be  facilitated  by  the  presence  of  fat. 

Lactic  acid  is  of  the  same  empirical  composition  as  dextrose, 
but  its  molecule  is  simpler,  thus : — 

Dextrose.  Lactio  Acid. 

Ce  His  Oe  Cg  He  Og 

By  heating  with  care  to  130°  or  140°  Fahr.,  lactic  acid  is 
rendered  anhydrous,  becoming  C8H4  0a. 

It  can  easily  be  converted  to  propionic  acid,  Cs  He  Oa  by  the 
action  of  strong  hydriodic  acid.  Considerable  traces  of  pro- 
pionates are  sometimes  produced  in  fermentation. 

Butyric  acid,  C4H8  0a,  is  not  uncommon  in  irregular  fer- 
mentations, and  caproic  acid,  CeHiaOa,  sometimes  accom- 
panies it. 

Acetic  acid  is  well-known  as  vinegar,  and  traces  of  it  may 
occasionally  be  found  in  malt,  though  its  volatilization  by  the 
heat  of  the  kiln  lessens  the  amount  detectable  in  the  green 
malt.     Its  composition  is  Cs  H4  0%. 

Succinic  acid,  C4  He  O4,  is  a  body  very  rarely  occurring  in 
malt,  and  requiring  only  bare  mention. 

With  these  acids,  traces  of  their  corresponding  alcohols  are 
generally  present,  especially  the  vinic,  butylic  and  caproic 
alcohols. 

Fitz,t  in  a  series  of  memoirs  published  by  the  German 
Chemical  Society,  has  investigated  the  schizomycetic  fermenta- 
tions of  various  organic  bodies. 

He  found  that  a  trace  of  schizomycetic  ferment  introduced 
into  a  mixture  of  100  parts  starch,  0*1  potassic  phosphate, 
002  magnesic  sulphate,  1*6  ammonium  phosphate,  40  calcic 
carbonate,  and  8,000  water,  induced  fermentation  in  twenty- 

*  B^rwiHus*  Jahre$h$r%ekt^  p.  682. 

t  Ber.  deuttoh.  eh0m,  00$.,  bd.  ix.,  pp.  1348—1365  [1876] ;  bd.  x.,  pp.  276—283 
[18771;  bd.  xi.,  pp.  42-65  [18781;  bd.  xii.,  pp.  474— 478  [18791;  bl  ziii.,  pp. 
1309—1312  [18801. 
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four  honrs,  yielding  a  little  alcohol,  mostly  vinic,  and  much 
acid,  of  which  eighty  per  cent,  is  butyric,  and  the  rest  acetic 
acid,  with  a  little  succinic  acid.  Dextrine  gave  more  alcohol 
than  did  starch. 

The  fermentation  of  starch  by  the  ferment  described  as 
Bacillus  subtilis,  affords  an  excellent  means  of  producing 
butyric  acid,  though  yielding  only  vinic  alcohol,  whilst  the 
Butyl-bacillits  produces  butyl  alcohol. 

The  discovery  of  oxalate  of  lime  as  an  incrustation  in  a 
cooler  led  Siewert*  to  investigate  the  materials  used.  The 
malt  was  found  to  contain  O'OOIS  per  cent,  of  oxalic  acid,  and 
germinated  grain  0*064  per  cent. 

The  composition  of  oxaJic  acid  is  Ha  Cs  O4,  one  of  the  simplest 
organic  compounds.  The  insolubility  of  its  calcic  salt  renders 
the  mode  of  its  discovery  in  malt  rather  singular;  probably  the 
water  used  for  steeping  and  mashing  was  devoid  01  calcareous 
matter,  aud  the  oxalic  acid  met  with  no  precipitating  base  till 
some  soluble  salt  of  lime  was  formed  from  the  ash  of  the  malt. 

Testing  Malt. 

For  the  practical  uses  of  malt  it  is  essential  to  know  the 
actual  proportions  of  each  constituent  present ;  and  a  sample 
of  every  bulk  of  malt  should  be  subjected  to  carefcd  processes 
of  testing  its  quahty. 

This  is  to  a  certain  extent  the  function  of  the  brewer  or 
distiller  who  purchases  the  malt,  but  a  maltster  who  regulates 
his  work  by  its  results  should  be  able  to  examine  those  results 
himself,  without  depending  on  his  customers'  reports.  Where 
a  maltster  is  also  a  brewer  or  distiller,  the  desurability  of  his 
power  to  test  malt  in  sample  is  increased. 

The  first  point  to  determine  is  the  amount  of  moisture.  100 
grains  is  a  convenient  weight  for  this  purpose,  and  the  loss,  after 
drying  on  the  water  bath  for  several  hours,  at  once  gives  the 
percentage  of  moisture. 

For  the  extract  determination,  a  miniature  mash  of  200 

?-ains  is  made  in  3y  oz.  (Troy)  of  water  at  150°  to  160°. 
his  is  filtered,  and  the  grains  washed  with  5  oz.  of  water  at 
160°.  The  grains  are  dried  over  the  water  bath,  and  the  loss 
of  weight  (allowing  for  original  moisture)  gives  the  weight 
of  extract.  The  wort  obtained  is  a  five  per  cent,  solution,  the 
water  weighing  twenty  times  the  malt.  To  convert  the  weight 
of  extract  into  pounds  per  quarter  per  barrel  the  specific  gravity 
of  the  wort  must  be  ascertained,  and  also  the  weight  per 
quarter  of  the  malt.    Then — 

(8G-1000)xW_„  ^  ,        , 

i ^ =  lbs.  per  quarter  per  barrel. 

If  the  malt  weighs  42  lbs.  per  quarter,  and  the  specific  gravity 
of  ^e  five  per  cent,  solution  is  1012'84,  we  have — 

•  Landw.  VertwJ^'SUU.^  U.  zzTiii.,  pp.  263—270  [1882]. 
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12-34  X  42      Q^  QQ  „ 

^ =  86*38  lbs.  per  quarter. 

The  next  point  to  determine  is  the  relative  proportion  pro- 
duced of  saccharine  to  dextrine.  This  is  done  by  the  use  of  a 
standard  solution  of  cupro-potassic  tartrate  (Fehling's  solution). 
This  is  prepared  by  dissolving  in  an  ounce  (Troy)  of  water 
28  grains  of  dry  powdered  sulphate  of  copper ;  and,  in  another 
ounce  of  water,  82^  grains  of  crystallized  tartaric  acid  and 
100  grains  of  caustic  soda.  These  solutions  are  kept  separate, 
and  used  in  equal  quantities. 

The  wort  is  diluted  to  ten  times  its  bulk  and  run  from  a 
graduated  vessel  into  a  flask,  containing  as  much  of  the 
f^ehlin^'s  solution  as  the  original  quantity  of  the  wort,  till 
the  delicate  blue  tint  disappears  after  boiling  a  few  moments. 

The  percentage  of  maltose  on  the  originsd  malt  is  found  by 
dividing  13'77  by  the  percentage  of  dilute  wort  used. 

Another  portion  oi  wort,  diluted  to  eight  times  its  original 
bulk,  has  one-fifth  part  of  sulphuric  acid  added  to  it,  and  is 
boiled  for  some  hours,  evaporation  being  replaced  by  distilled 
water.  It  is  then  made  up  to  ten  times  the  original  quantity, 
and  tested  with  FehUng's  solution  as  above,  to  determine  the 
amount  of  glucose  {produced  by  the  action  of  the  acid  on  the 
maltose  and  dextrine.  The  factor,  84*00,  is  divided  by  the 
percentage  of  dilute  wort  used,  the  quotient  giving  percentage 
of  glucose  of  original  malt.  As  maltose  increases  in  weight 
one-nineteenth  and  dextrine  one-ninth,  it  is  necessary  to  add 
one-nineteenth  to  the  ascertained  amount  of  maltose,  and 
deduct  the  resxdt  from  the  glucose,  the  remainder  being  due  to 
the  dextrine,  deducting  one-tenth  for  hydration. 

Let  '265  be  the  amount  of  dilute  wort  used  in  the  maltose 
determination,  then  13*7-^7*265=50*196  per  cent,  of  maltose. 
Next,  let  '123  be  the  dilute  wort  used  in  determining  the 
glucose,  giving  84 -f-  '123  =  68*293  of  glucose.  Of  this  68*293, 
62*838  is  maltose  hydrated  by  the  acid,  and  15*455  is  sac- 
charised  dextrine,  the  original  percentage  of  which  was,  there- 
fore, 13*910. 

The  percentage  of  soluble  albumen  is  obtained  by  evaporating 
to  dryness  the  extract  from  a  known  weight  of  malt,  igniting 
the  residue  in  a  closed  vessel  with  caustic  soda  or  soda-lime, 
and  receiving  the  ammonia  evolved  from  the  nitrogen  com- 

Bounds  in  bulbs  containing  a  known  amount  of  sulphuric  acid, 
^he  residual  acid  is  neutralised  by  a  measured  quantity  of 
standard  solution  of  soda ;  and  the  amount  of  ammonia  pro- 
duced is  thus  found.  This,  multiplied  by  5*15,  gives  the 
quantity  of  soluble  albumen  that  yielded  it. 

The  determination  of  the  acidity  of  malt  is  still  more  simple. 
The  extract  from  a  known  weight  of  malt  is  neutralised  by  a 
standard  solution  of  soda,  dropped  in  from  a  graduated  burette. 
The  acid,  calculated  as  lactic,  weighs  one-eighth  more  than 
the  dry  soda  required  to  neutralise  it.  The  precise  moment  of 
neutrality  is  determined  by  litmus  paper,  or,  still  better,  by  a 
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few  drops  of  phenol  phthalen  (an  aniline  compound)  dissolved 
in  alcohol.  The  pale  brownish  tint  turns  instantly  to  a  fine 
crimson  when  the  acidity  is  converted  to  alkalinity. 

Probably  the  best  practical  test  for  malt  is  "  the  Forcing- 
Tray  Test."  This  is  an  apparatus  and  test  far  too  little  used 
or  understood  by  maltsters.  It  is  fully  described  and  illustrated 
in  Mr.  Faulkner's  admirable  book,  **  The  Theory  and  Practice 
of  Modem  Brewing."  The  method  of  testing  is  thus  lucidly 
explained  (p.  114).*  "  Let  us  take  one  or  two  large  test  tubes, 
of  200  c.c.  capacity,  boil  in  them  about  100  c.c.  of  distilled 
water,  plugging  up  the  ends  lightly  with  cotton  wool ;  on 
ebullition  resulting,  the  steam  blows  through  [the]  wool, 
practically  sterilising  it,  and  the  test  tubes,  with  their  fluid 
contents,  are  then  placed  in  a  beaker  of  cold  water,  and  in 
a  few  minutes  we  introduce  a  teaspoonful  of  the  crushed 
malt  we  are  experimenting  upon  into  our  tubes,  the  beaker 
being  then  placed  over  gas,  and  the  temperature  of  the 
whole  arrangement  raised  to  150°  to  155°.  We  have,  in 
fact,  in  our  test  tubes,  miniature  mashes,  and  by  occasionally 
shaking  up  contents,  we  promote  saccharification,  and  in  the 
course  of  a  couple  of  hours  the  supernatant  wort  brightens. 
The  tubes  containing  the  mashes  are  now  cooled  down  and 
placed  in  pockets  of  forcing-trays,  the  wort  in  each  being 
examined  at  the  end  of  every  twelve  hours.  A  good  malt  will 
give  a  solution  remaining  absolutely  unaltered  at  the  forcing 
tray  temperature  (75°)  for  24  hours,  or  at  a  temperature  of 
60°  for  even  36  to  48  hours,  while  inferior  malts  comport 
themselves  quite  differently." 

*FaAax  Fattlkmxb,  The  Theory  and  PiBotioe  of  Modem  Brewing,  p.  114. 
(F.  W.  Ljon,  London,  1884.) 
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MALT  (continued). 

Malt:— 
Brown  or  Porter  Malt.  Amber  Malt.  Diagram  of  Kiln-Heata.  Ciystal 
Malt.  Imperial  Malt.  Black  or  Patent  Malt.  Wheat  Malt.  Oelatiniaed 
Malta :  Bioe,  Maize,  Wheat,  Barler,  and  Rye.  White  Malt.  Maize  Malt. 
Short-malt  (JermleaaMaiae.  Germleaa  Maiae.  Sonthbj'a  Maize  Meal.  Daii 
Kdji  Analjaee  of  Edji.  Chioa.  Bje-produota  of  Malt.  Combes.  Analyaea 
•of  Combes.  Kiln-dust.  Screenings.  Steep-liqnor.  Analyses  of  Steep* 
liquors. 

NuMBKons  other  descriptions  of  malt  are  made  and  used 
than  that  to  which  chief  attention  has  been  directed  hitherto. 
Of  these  the  chief  are : — 

Brown,  blown,  snap,  or  porter  malt. 

Amber  malt. 

Crystal  malt. 

Imperial  malt. 

Black,  roasted,  chocolate,  or  patent  malt. 

Wheat  malt. 

Bye  malt. 

Gelatinised  malt ;  rice,  rye,  wheat,  maize,  and  barley. 

White  malt. 

Kdji. 

Bbown,  Blown,  Snap,  ob  Pobtbb  Malt. 

Slight  differences  only  are  made  in  the  processes  of  manu- 
factore  of  this  article  from  ordinary  or  pale  malt  in  all  stages, 
excepting  the  final  one  of  drying. 

So  long  as  the  duty  remained  in  force,  the  barleys  selected 
for  snap  malt  were  small,  and  in  other  respects  of  an  inferior 
quality.  It  was  chiefly  necessary  that  they  should  be  kindly, 
and  would  germinate  perfectly.  Colour,  and  to  a  certain 
extent  size,  was  immaterial,  as  the  action  of  the  fire  when  the 
com  was  drying  upon  the  kiln  entirely  hid  both. 

It  is  difficult  to  make  up  for  practical  experience  by  any 
written  or  verbal  directions,  no  matter  how  plainly  given. 
The  subtle,  and  often  indefinable,  indications  that  lead  a 
practised  nialtster  to  different  procedure,  or  mode  of  work, 
cannot  be  conveyed  to  another  in  words.  Probably  few  other 
processes  are  so  difficult  of  explanation  as  drying  and  snapping 
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off  a  kiln  of  blown  malt.  A  description  is  easy  enough,  bat 
from  that  alone  it  would  be  almost  folly  for  anyone  to  attempt 
practical  working.    Experience  is  here  the  best  teacher. 

A  number  of  porter  malthouses  are  worked  at  Bishop's 
Stortford  and  other  places,  and  a  large  amount  of  this  malt  is 
made  annually.  The  use  of  the  article  is,  however,  deservedly 
dying  out. 

Usually  in  its  preparation  steeping,  couching,  and  growing 
are  conducted  in  the  ordinary  way.  Some  malteters,  however, 
give  a  little  less  time  upon  the  withering-floor.  The  com  is 
then  laden  upon  the  kiln  at  a  thickness  tarely  exceeding  one 
and  a-half  mches.  The  fire  consists  exclusively  of  wood, 
generally  of  oak,  but  occasionaUy  of  beech.  Billet  and  &ggot 
wood  are  used.  Great  skill  and  care  are  needed  properly  to 
tend  the  fire  and  turn  the  floor.  This  is  done  only  once,  and 
the  whole  drying  is  completed  in  one  and  a-quarter  to  two 
hours.  Moderate  heat  is  maintained  at  first  until  the  moisture 
has  been  largely  dissipated,  then  the  fire  is  made  up,  and  flares 
and  blazes  so  that  no  little  danger  exists  of  the  com  igniting. 
This  renders  the  work  of  the  kiln-man  both  risl^  and  laborious. 
The  sudden  and  intense  heat  causes  all  the  gram  that  has  been 
properly  grown  to  swell  to  the  extent  of  twenty-five  per  cent., 
and  the  nature  of  the  fuel  employed  communicates,  very  agree- 
ablv,  the  empyreumatic  properties  that  distinguish  this  class  of 
malt.  Those  corns  that  have  not  vegetated  do  not  swell,  and 
lack  the  requisite  colour  and  flavour.  Hence  the  care  needed 
in  the  selection  of  the  barley,  as  the  vegetative  capacity  is  the 
main  consideration.  Apart  from  the  quality  of  the  malt  pro- 
duced, the  whole  of  the  profit  of  its  manufacture  depends  upon 
the  swell,  consequently  the  price  is  invariably  below  the  average 
price  of  ordinary  malt.  The  actual  cost  of  manufacture  of  this 
malt  is  also  greater  than  of  pale,  as  fuel  and  labour  in  kiln 
approaches  3s.  per  quarter,  and  frequently  exceeds  it. 

The  quantity  of  fuel  required  is  from  eight  to  ten  faggots  per 
quarter  dried. 

Champion*  states  "  that  the  making  of  this  malt  principally 
consists  in  half-drying,  and  sprinkling  a  little  water  over  what 
is  intended  for  snapping  the  next  morning,  which  is  done  to 
toughen  the  skin  of  the  grain.  Beech-wood  is  preferred  to  dry 
or  snap  with.  The  com  to  be  spread  on  a  kiln  (wire  it  should 
be)  about  one  inch  and  a-half  thick,  and  turned  about  every 
four  minutes,  but  at  last  oftener.  Sweep  clean  with  a  broom 
idfter  the  persons  who  turn  it." 

Ambeb  Malt. 

This  malt  is  used  by  brewers  chiefly  to  impart  flavour  and 
colour  to  many  kinds  of  beer,  especially  to  give  to  porter  and 
stout  the  brown  head  that  is  so  much  admired. 

Two  kinds  are  made,  the  difference  being  in  shade  or  colour ; 
the  better  tilie  quality  of  the  barley  used,  the  better  the  resulting 

«  The  Maltster's  Gnide^  p.  195. 
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malt.  The  working  is  the  same  as  for  pale  malt  in  steeping 
and  growing,  and  very  similar  in  drying  upon  kiln. 

Here  the  load  or  depth  of  com  upon  floor  should  not  exceed 
four  inches,  and  much  turning  is  not  required. 

The  fire  may  he  of  a  moderate  warmth  of  coke  or  anthracite 
coal,  until  the  moisture  is  dissipated.  Then  the  heat  can  be 
very  largely  augmented,  and  if  a  good  quantity  of  biUet-wood 
is  thrown  upon  the  fire,  the  resmt  is  the  better.  The  best 
flavour  is  given  by  beech-wood,  which,  however,  must  be  quite 
dry.  Fig.  6  gives  clearly  the  time  of  drying  and  range  of  heats 
employed  in  finishing  amber  malt. 

Very  high-dried  and  amber  malts,  especially  when  mashed 
upon  the  decoction  method,  give  a  certain  degree  of  viscosity 
to  the  beer  produced.  This  characteristic  of  the  Munich  beer, 
for  instance,  has  been  attributed  by  Griessmayer  and  others  to 
the  drying  of  the  malt.  Thausing*  conclusively  proves  it  to  be 
the  existence  of  parapeptones  in  highly-dried  malt  which  gives 
both  colour  and  viscosity. 

Cbystal  Malt. 

This  was  originally  the  subject  of  a  patent  which  has  long 
become  void. 

It  is  prepared  in  aU  ways  like  roasted  malt,  with  the  excep- 
tion that,  mstead  of  being  kiln-dried,  and  roasted  in  a  sheet- 
iron  cylinder,  it  is  taken  straight  from  the  withering-floor  at 
the  seventh  or  eighth  day,  and  placed  in  a  roasting-cylinder 
made  of  wire.  This  is  necessary  in  consequence  of  the  veiy 
lar^e  amount  of  steam  disengaged  in  the  dissipation  of  so  much 
moisture  as  is  naturally  present,  and  for  which  ready  egress 
must  be  provided.  Crystal  malt  is  pleasantly  sweet  to  the 
palate,  but  the  sweetness  is  fictitious  and  readily  accounted 
for  by  the  mode  of  its  drying.  Sufficient  moisture  is  present 
at  high  temperature  to  enable  the  soluble  albuminoids  to 
convert  a  portion  of  the  starch  into  sugar,  for  as  the  malt 
when  first  heated  is  saturated  with  water,  the  amount  of  steam 
generated  is  considerable. 

It  is  a  very  common  opinion  that  malt  contains  much  sugar 
beciLuse  of  its  sweetness.  This  is  simply  a  popular  delusion, 
as  malt  rarely  has  more  than  one-half  per  cent,  of  sugar,  and 
often  none  at  all.  If  the  tongue  and  palate  be  dried,  and  malt- 
flour  be  placed  thereon,  very  little  sweetness  is  detected ;  but 
the  moment  the  saliva  comes  into  contact  with  the  flour,  the 
peculiar  and  well-known  sweetness  of  malt  is  perceived,  as  the 
diastase  can  then  act  upon  the  molecules  of  starch,  and  con- 
version to  sugar  instantly  commences.!  Crystal  malt  yields  an 
actual  extract  very  considerably  below  pale  malt,  amounting 
in  many  cases  to  upwards  of  30  per  cent.  It  is  also  deficient 
in  colour,  and,  in  the  opinion  oi  many  brewers,  supjplies  no 
want  in  any  class  of  beer  that  cannot  be  much  better  filled  by 

*  The  Theory  and  Fteotioe  of  Pireparation  of  Malt  and  the  Fabrication  of  Beer. 
American  edition  (1880),  p.  188. 
t  The  physiologioal  queetiona  inyolyed  here  are  pnrpoeelj  overiooked. 
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other  sorts  of  malt  less  costly  and  dangerous  in  their  use. 
Still  the  fact  remains  that  a  large  quantity  of  this  malt  has 
been  made  and  used,  and  a  number  of  brewers  continue  to 
like  its  use. 

Impebial  Malt. 

Imperial  malt  differs  from  amber  or  brown  malt  very 
slightly,  and  the  only  difference  between  it  and  pale  malt  is 
occasioned  by  the  method  of  drying  and  fuel  used  in  the  kiln- 
furnaces  or  cylinders.  Ordinary  pale  malt  is  frequently  made 
into  imperial  by  caxrying  the  finishing  heat  on  kiln  for  several 
hours  to  240° — 270®,  using  for  fael,  oak  or  (preferably)  beech- 
wood.* 

In  a  series  of  experiments  made  by  Combrunef  in  the  middle 
of  the  last  century  a  very  erroneous  conclusion  was  formed  of 
the  heats  requisite  to  give  colour  to  malt  when  drying,  although, 
curiously,  a  conclusion  drawn  by  him  from  these  experiments 
is  worthy  of  very  great  attention.  This  was  the  relative  times 
of  keeping  acquired  by  beers  when  brewed  from  malts  dried  at 
certain  temperatures.  The  figures  of  temperature  are  entirely 
fallacious,  but  the  truth  taught  by  them  remains,  and  the  error 
as  to  degree  of  heat  is  easily  rectified.  So  valuable  is  the  right 
consideration  of  this  subject  that  it  is  desirable  to  reproduce 
the  table  framed  by  Mr.  Combrune}  : — 

of  Malt.  Duration  of  sta- 

Degrees.      Golonr.  bilit7  of  Beer. 

119  ...  White          ...  ...  ...  2  weeks 

124  ...  Cream  colour  ...  ...  1  month 

129  . . .  Light  yellow  ...  ...  2  months 

134  ...  Amber         ...  ...  ...  4 

138  ...  High  amber  ...  ...  3 

143  ...  Pale  brown...  ...  ...  4 


148  ...  Brown         ...  ...  ...  6      ,, 

99 


152  ...  High  brown  ...  ...  12 

157  ...  Inclining  to  black      ...  ...  18 

162  ...  High  brown,  speckled  with  black  2  y^ars 

167  ...  Blackish  brown,  with  black  specks  — 

171  ...  Colour  of  burnt  coffee  ...  — 

A.  I O     • . .     JjlaCtL  ••.  •••  ..,  *~ 

Erroneous  as  we  now  know  these  temperatures  to  be,  the 
deduction  made  is,  on  the  whole,  correct,  and  one  which 
maltsters  and  brewers  alike  do  well  to  remember. 

Black,  Boasted,  Chocolate,  or  "Patent*'  Malt. 

The  introduction  of  black  beers,  or  porter  and  stout,  as  they 
are  usually  called,  led  to  the  need  of  some  colouring  material 
that  should  permanently  give  the  requisite  colour  and  flavour. 
At  first  brown  or  amber  malts    were    used,    until    it    was 

*  This  does  not  describe  the  patent  prooese  of  Measrs,  Stanbridge  snd  Co. 
t  The  Theory  and  Ptaotioe  of  Brewing  (London,  1762),  p.  88. 
t  Ibid.  pp.  94*97. 
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discovered  that  malt  roasted  to  a  certain  degree  of  blackness 
gave  not  only  a  sufficiency  of  flavour,  but  an  enormous  excess 
of  colour,  so  much  so  that  one  bushel  of  black  malt  replaced 
successfcdly  thirty  bushels  of  brown.  Its  use  became  of  course 
general  in  aU  porter-  and  stout-breweries,  and  a  considerable 
trade  in  roasting  grew  apace.  As  it  was  found  that  very  few 
users  could  tell  the  difference  between  roasted  malt  or  barley,  a 
wide  field  for  fraud  opened  out,  for,  at  that  time,  malt  paid  a 
verjr  heavy  duty.  An  Act  was  passed  (5  and  6  Vict.,  cap.  30) 
which  virtually  made  the  roasting  business  a  close  monopoly. 
Ordinary  maltsters  were  sufficiently  tied,  but  roasters  were 
placed  under  the  closest  surveillance,  and  fettered  hj  regulations 
affecting  the  minutest  details  of  their  business,  the  mfringement 
of  any  of  the  clauses  being  visited  with  the  infliction  of  the 
heaviest  penalties.  As  many  classes  of  traders  were  shut  out, 
and  few  could  comply  with  the  strict  regulations  as  to  the  site 
of  the  premises,  &c.,  not  many  entered  into  the  business. 

The  old  obnoxious  system  of  barley-  and  stock-books  was 
also  retained  for  this  particular  branch  of  the  business,  when 
all  others  were  liberated,  and  removals  of  roasted  malt  could 
only  be  effected  at  certain  hours,  and  accompanied  by  certifi- 
cates. The  direct  issue  of  aU  these  causes  was,  they  produced 
a  close  monopoly,  and,  to  a  certain  extent,  secured  to  a  brewer 
roasted  malt,  and  not  roasted  barley.  The  object  of  a  roaster 
in  using  barley  formerly  was  to  secure  the  value  of  the  duty 
paid  upon  malt.  As  this  motive  no  longer  exists,  the  only 
difference  now  between  malt  and  barley  to  the  roaster  is  the 
small  cost  of  malting.  As  the  difference  in  the  value  of  roasted 
malt  and  barley  when  used  more  than  covers  this  cost,  brewers 
are  much  more  likely  now  to  get  malt  when  they  intend  to  buy 
it  than  was  the  case  previously. 

As,  however,  with  the  repeal  of  the  Malt-tax,  the  Roasting 
Acts  were  also  repealed,  anyone  is  now  at  liberty  to  make 
roasted  malt,  and  upon  any  premises.  Several  reasons  point  to 
the  desirabihty  of  doing  this.  The  process  is  a  simple  one,  and 
the  apparatus  needed  very  inexpensive. 

Black  malt  requires  to  be  used  immediately  after  roasting,  to 
give  its  full  flavour  and  aroma  to  beer.  By  making  each  day 
sufficient  for  the  following  day's  use,  this  can  be  accomplished ;  for 
very  few  articles  are  so  extremely  hygroscopic  as  roasted  malt, 
nor  have  many  articles  the  value  and  full  flavour  so  impaired 
by  dampness.  Very  fine  roasted  malt  can  be  prepared  from 
ordinary  pale  malt.  Boasters,  however,  used  to  malt  specially, 
so  as  to  keep  just  within  the  letter  of  the  law.  They  would 
steep  com  for  forty  hours  only,  as  they  might  not  steep  it  less, 
and  oy  shortening  the  time  they  diminished  the  duty  payable 
by  fully  five  per  cent.  Scant  time  also  was  allowed  upon  the 
floors,  as  the  usual  allowance  firom  cistern  to  kiln  never 
exceeded  seven  days,  and  sometimes  did  not  exceed  four.  Ford* 
states : — "  Com  perfectly  malted  will  not  give  out  so  much  of 
"  colour  or  so   standing  a  colour  as   that  merely  partially 

*  Malting  and  Brewing,  p.  69. 
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"  malted ;  and,  on  the  other  hand,  barley  unmalted  or  not 
'*  steeped  gives  still  less  colour,  and  the  colour  is  not 
"  permanent." 

This  latter  statement  is  perfectly  true.  Unvegetated  barley 
cannot  by  any  known  process  be  made  to  give  so  permanent 
a  colour,  nor  so  much  of  it,  bulk  for  bulk  or  weight  lor  weight, 
as  malted  grain.  The  flavour  is  also  very  inferior,  and  the 
aroma  can  bear  no  comparison.  Well-made  malt,  on  the  other 
hand,  is  capable  of  bein^  roasted  satisfEictorily,  and  of  yielding 
more  colour  of  a  purer  kmd  with  inimitable  aroma  and  flavour. 
The  cause  is  palpable.  More  colour  and  flavour  can  be 
obtained  from  sugar  subjected  to  a  high  temperature  than 
from  starch,  and  as  malt  has  a  large  percentage  of  its  starch 
so  affected  that  it  is  converted  into  sugar  very  readily,  and  is 
capable  of  yielding  to  the  influence  of  heat  more  easily  than 
barley,  it  is  only  natural  to  find  in  practice  that  malt  gives 
more  colour  and  flavour  of  greater  delicacy.  Good  coffee  is 
rarely  to  be  found  in  G-reat  Britain,  i.e.,  the  beverage,  not  the 
berry,  for  the  finest  coffee  the  world  grows  is  sent  to  London. 
Throughout  the  East,  Italy,  and  other  places,  exquisite  coffee 
is  invariably  obtained ;  a  great  part  of  tne  secret  rests  in  the 
fact  that  the  coffee  is  roasted,  ground,  and  made,  all  in  the 
same  day.  Coffee,  however,  stands  the  influence  of  the  air  far 
better  than  mait,  and  any  one  desiring  the  full  benefit  of  the 
aroma  of  roasted  mait  must  prepare  it  on  the  spot,  and  grind 
it  at  once. 

A  sample  of  properly-roasted  malt  is  uniform  in  colour,  of  a 
chocolate  hue,  not  olack,  and  each  com  clear  and  clean.  If  it 
is  black,  with  the  corns  burst,  and  especially  if  matted  or  run 
together,  it  is  of  a  most  inferior  kind ;  and  neither  good  flavour 
nor  permanent  colouring  can  be  expected  from  it. 

Every  brewer  in  Germany  has  his  own  malt-roaster  (Fig.  7). 
This  is  a  simple  fireplace  enclosed  with  sheet-iron,  fitted  with 
a  chimney  to  convey  away  steam,  smoke,  and  fumes.  In  it  is 
a  small  sheet-iron  cylinder,  freely  perforated,  holding  one  or 
two  bushels  of  com,  and  placed  a  short  distance  above  the 
grate,  on  bearings  that  permit  it  to  be  freely  turned.  The  com 
18  put  in  this  cylinder  over  a  low  coke  fire,  and  it  is  kept 
constantly  turning  slowlj^r.  As  the  steam  passes  off,  the  fire 
brightens,  and  the  heat  mcreases.  In  thirty  minutes  all  the 
steam  has  passed  away,  and  a  fine  rich  aroma  begins  to  steal 
from  the  malt.  This  increases  quickly,  and  in  five  minutes  it 
is  necessary  to  inspect  it.  If  the  process  has  been  rightlv 
managed,  a  good  chocolate  tinge  has  been  acquired,  which 
quickly  deepens,  and  in  forty  minutes  the  operation  of  roasting 
is  complete.  The  malt  is  turned  out  to  cool  and  mellow,  and 
a  second  charge  can  be  at  once  placed  in  the  cylinder,  and  the 
operation  repeated.  A  very  short  experience  is  sufficient  to  give 
a  considerable  degree  of  slall  to  any  common  workman,  so  that 
malt  of  a  uniform  colour  is  easily  produced ;  and  few  manufac- 
turing processes  are  more  simple.  The  power  to  use  this  malt 
whilst  quite  fresh  adds  largely  to  its  value.    Pale  malt  abo, 
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if  slack,  is  better  roasted  and  ased  for  coloaring  than  when  re- 
dried  and  mashed  in  the  ordinary  way,  for  it  is  an  error  to  suppose 
that  re-drying  clang-malt  restores  to  it  its  original  quality  and 
goodness ;  snch  nifut  can  be  more  safely  utilised  by  making  it 
into  "  Patent,"  or  by  giving  it  a  good  amount  of  colour  and 


Pio.  7.— HiLt  EoimsB." 

flsTonr  over  a  fire  ofheechwood.  The  influences  and  causes  of 
the  high  colour  which  malt  can  acquire  are  not  yet  understood. 
By  the  process  just  described,  we  know  that  the  malt  has  ac- 

t aired  a  oitter  taste,  with  the  empyremnatic  characteristics  fully- 
eveloped,  whilst  a  part  of  the  organic  matter  has  been  car- 
bonised. As  a  consequence,  caramel  and  assamar  are  also 
present. 

Wheat-Malt. 
Wheat-malt  would  doubtless  be  much  more  largely  made 
and  used,  especially  at  the  present  price  of  wheat  (328.  per 
imperial  quarter,  Dec.  1884),  were  it  not  for  the  difficulty  of 
growing  it  with  the  acrospire  outside  the  busk,  further,  its 
excess  of  gluten,  and  other  nitrogenous  constituents,  give 
brewers  mach  trouble  in  their  existing  state  of  knowledge. 

■See  alK  Tig.  110,  p.  293. 
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Consequently,  wheat-malt  is  rarely  made,  and  little  known.  It 
differs  from  barley-malt  in  itself,  and  is  much  more  difficult 
to  make.  In  1834-5,  wheat  was  cheaper  than  barley,  and, 
accordingly,  a  considerable  quantity  was  made  into  malt. 
Owing  to  the  great  difficulty  of  working  up  a  floor  without 
damage  to  the  growing  acrospire,  many  maltsters  mixed  wheat 
and  barley  together. 

At  that  time*  13  bushels  of  barley  were  found  to  produce 
the  same  quantity  of  beer  of  standard  gravity  as  9  bushels  of 
wheat,  10  of  rye,  or  19  of  oats. 

The  ingenious  writer  of  The  London  and  Country  Brewert 
states  that  wheat-malt  was  cheaper  at  3s.  per  bushel  than 
barley  at  2s. ;  at  which  time  it  was  largely  used  in  the  manu- 
facture of  mum  and  very  strong  aies.  Dugdale  or  Bivett's 
wheat  was  most  commoniv  used.  The  author  of  Every  Man 
his  own  Brewer,?  states  that  "  Wheat  was  formerly  the  only 
"  grain  esteemed  worth  malting." 

Eye-Malt. 

In  times  of  scarcity  and  deamess  of  barley  and  wheat,  rye 
is  made  into  malt.  Stronger  objections  to  its  use  exist  than  is 
the  case  with  wheat,  chiefly  in  consequence  of  the  tendency  to 
butyric  fermentation  generally  found  m  beer  brewed  from  rye. 
(See  pp.  59,  60, 154.) 

In  1858  experiments  were  made  by  the  order  of  the  Com- 
missioners of  the  Excise  Department,  to  determine  the  swell 
of  rye  in  cistern  and  couch.  It  was  then  proved  to  increase 
to  an  extent  equalling  30  per  cent,  of  its  original  bulk,  and, 
as  a  consequence,  the  duty  paid  was  charged  on  the  basis  of 
such  increase  in  working. 

The  manufacture  of  rye  into  malt  is  similar  to  that  of 
barley,  but  it  is  not  unusual  for  maltsters  to  mix  it  with  equal 
quantities  of  heavy  oats. 

Maize-Malt. 

In  the  early  part  of  this  century,  Indian  com,  or,  as  it  was 
then  called,  '*  Virginian  wheat,"  was  made  into  malt  by 
germination.  The  com  was  simply  sown  very  thickly  in  well- 
prepared  fine  soil  or  sand,  and  watered.  After  the  blade  had 
appeared  well  above  the  ground  (generally  in  ten  to  fourteen 
days),  so  that  the  plot  of  ground  was  perfectly  green,  it  was 
dug  up,  and  carefally  sifted,  or  well  washed,  to  free  it  from 
earth.  It  was  then  dried  in  the  ordinary  way  upon  a  kiln,  and 
has  been  spoken  of  as  having  made  very  excellent  malt.  It  was 
found  essential  to  allow  the  blade  (or  acrospire)  to  shoot  up  at 
least  eight  inches,  as  otherwise  the  malt  was  the  source  of 
trouble  to  the  brewer. 

More  recently  maize  has  been  gelatinised  (see  p.  168),  and 

*  Tittid  on  Brewing.    Ed.  iii.    (London,  1850V  p.  46. 

t  The  London  and  Oonntj  Brewer.    Ed.  ii.    (London,  1 743),  p.  93. 

I  Eyery  Han  Hie  Own  Brewer.    (London,  1768),  p.  10. 
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prepared  in  numerous  ways  for  general  use  as  a  substitute  for 
malt.  It  is  not  necessary  to  consider  or  describe  all  these 
methods ;  simply  those  that  prepare  maize  in  any  way  as  malt 
will  suffice.     (See  also  G-ermless-Maize,  Short-Malt,  &c.) 

Other  malts  are  now  known  to  commerce.  It  is  extremely 
difficult  to  procure  information  concerning  the  manufacture 
and  nature  of  some  of  them,  and  that  they  are  classed  here  with 
malt  at  all  will  doubtless  be  objected  to  by  some. 

Of  these  mention  may  be  made  of  short-malt  germless- 
maize,  short-malt  rice,  germless-maize,  Beane's  patent  grist, 
granulated  grain,  zealine,  cerealine,  grits,  hominy,  &c. 

Short-Malt  Germless  Maize. 

This  is  prepared  by  being  thoroughly  cleaned,  degermed,  and 
granulated  by  an  elaborate  and  patent  process,  by  means  of 
which  all  the  mechanical  work  is  done  with  care,  and  the  final 
drjdng  is  carried  out  at  temperatures  exceeding  240°  upon 
Tomlans' natent  or  other  kilns.     (See  Fig.  1.) 

The  following  are  analyses  by  Mr.  T.  W.  Lovibond  of 
short-malt,  &c. : — 

No.  1.  Maize. 

2.  Germless  Maize. 

3.  "Short-Malt"  Germless  Maize. 

4.  Bice. 

5.  "  Short-Malt "  Bice. 


fj 
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Analyses. 


No.l. 
Maize. 

No.  2. 

Oennlen 
Maize. 

No.  8. 

Short 

Malt 

Germlees 

Maize. 

No.  4. 
Bioe. 

No.  6. 

Short 
Malt 
Bioe. 

Moisture 

Fat   . . 

Albuminoids — Insoluble  .. 
Bo.           Soluble     .. 
Gom,  Dextrine,  &o. 

Staidi         

^GeUulose,  &c.,  nnoonvertible 

11-78 

1-46 

412 

9-30 

•60 

7-88 

64*49 

10-47 

12-66 

-86 

2-32 

9*63 

-36 

4-70 

61-06 

8-62 

•84 

•98 

2*60 

10-26 

•26 

4.84 

70-23 

1010 

11*60 

-68 

•84 

7-65 

•15 

1-72 

74-97 

2-69 

114 
•74 
•88 

8-66 
•06 

2-00 
83-24 

3-30 

100-00 

10000 

100*60 

100-00 

10000 

Extnust  in  lbs.  per  quarter  of  336  lbs. 

88-68 

9314 

106-04 

108-18 

120-02 

Germless  Maize. 

Bobertson's  germless  maize  is  prepared  by  removing  from 
maize  the  germ  in  which  are  found  the  greater  portions  of  the 
oils  and  other  objectionable  matters.  The  germ  is  removed  by 
a  process  and  special  machinery  duly  patented.  The  following 
analyses  by  Dr.  Clark  sufficiently  explain  the  result : — 

*An  analysis  by  the  acid-process  would  have  reduced  this,  oorrespondinglj 
increasing  the  starch. 
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Danubian 

Corn. 
Percent 

Germlem 
Danubian. 
Percent. 

American 

Com. 
Per  Cent 

GermleH 
American. 
Percent 

Starnh         

NitrogenoTis  oompoimda . . 
Gam  and  Sugar    . . 

Oil 

Woody  fibre 

Aah 

Water         

64*89 
11*60 
4*53 
4*30 
1-71 
1-27 
11-70 

72-18 

10-27 

2-69 

106 

-61 

•34 

12*96 

63-46 
11*64 
4-75 
3-62 
3-76 
116 
11-63 

72-15 
8-98 
2-10 
202 
206 
-68 

1202 

* 

100-00 

100*00 

100-00 

100-00 

Increase  in  value  for  diatillers 
Inerease  for  staroh  makers 

— 

8*24 
11-23 

— 

9.63 
13-67 

This  germless  maize  is  largely  used  by  brewers  in  place  of 
both  malt  and  sugar. 

Zealine  is  made  and  used  chiefly  in  America.  It  is  prepared 
from  white  maize,  and  its  composition  is  indicatea  by  the 
following  analysis  :— 

77.76 


v^au.i^\yij  T  viJL»v\^a              •..                ...                ••* 

JC  a vS  ...           ...           ...           ...           ... 

2.88 

xxClQ ...            ...             ...             ...             .•• 

0.06 

xxsn  ...         ...         ...         .«•         ... 

0.36 

Albuminoids           

7.00 

Water         

...       11.94 

100.00 


Gelatinised  Malt. 


Until  very  recently  malt  was  made,  commercially,  by  germina- 
tion solely,  and  almost  exclusively  from  barley.  Since  the 
repeal  of  the  Malt  Duties  numerous  other  methods  of 
manufacture  have  been  attempted,  in  some  cases  successfully, 
and  many  other  varieties  of  grain  have  been  malted. 

Consequently  we  now  have  a  diversity  of  materials,  a  number 
of  which  can  be  fittingly  classed  with  malt.  Those  most 
generally  known  commercially  are : — 

Gelatinised  Bice. 

Maize. 

Wheat. 

Barley. 

Bye. 
White  malt. 

All  these  are  manufactured  in  such  a  manner  that  they  are 
true  malts  in  many  respects.  That  they  should  be  termed  malt 
has  been  often  questioned.  No  controversy  need  be  raised  upon 
the  point,  for  any  material  which  is  called  malt,  and  which  is 
in  itself,  both  by  its  process  of  manufacture  and  in  its  results, 
80  closely  allied  to  malt,  decidedly  comes  within  the  scope  of 
a  work  upon  malt-making. 
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The  gelatinisation  of  grain  is  the  most  important  of  the 
snrrogatory  processes.  It  was  invented  in  ISiBO  hy  Messrs. 
Gillman  and  Spencer  (since  the  abolition  of  the  Malt-tax). 
The  industry  has  already  attained  considerable  dimensions,  for 
many  tons  of  rice  and  other  grains  are  gelatinised  everjr  week, 
flice  is  incapable  of  being  malted  by  any  ordinary  germinating 
process,  but  when  gelatinised,  it  forms  a  singularly  fine  and 
useful  ingredient  in  the  manufacture  of  beer.  Some  of  its 
advantages  are  its  entire  freedom  from  the  evils  inevitably 
present  m  malt,  for  no  matter  how  much  care  be  given  to  the 
cleaning  of  barley  or  purification  of  air  and  water,  mould-spores 
and  germs  of  other  low  organisms  are  aiways  left  in  malt.  The 
conditions  absolutely  essential  to  the  right  growth  of  malt  are 
also  those  most  favourable  to  the  reproduction  of  all  such 
organisms.  The  free  use  of  antiseptics  does  not  entirely  over- 
come the  difficulties  naturally  arising  from  such  a  state  of 
things ;  consequently  grown  malt  must  be  always  liable  to  this 
defect. 

Gelatinisation  effectually  avoids  this  difficulty,  for  rice  or 
any  other  grain  which  undergoes  the  high  temperature  and 

Eressure  of  gelatinisation,  cannot  have  chnging  to  it  a  single 
ving  spore  or  germ. 

This  process  of  manufacture  resembles  ordinary  malting  in 
the  fact  that  the  grain  to  be  gelatinised  is  steeped  and  kiln- 
dried,  the  process  of  gelatinisation  by  steam  under  pressure 
being  substituted  for  that  of  germination.  In  common  malting 
com  is  steeped  from  fifty  to  eighty  hours,  but  by  this  method 
six  hours  or  less  suffice.    It  is  then  steamed  under  heavy 

Sressure  for  a  short  time,  in  a  closed  vessel  of  cyhndrical  form, 
rom  which  it  passes  to  the  kiln  to  be  dried. 

These  kilns  are  patented,  and  are  both  novel  and  effective.  The 
furnaces  and  encasing  walls  are  of  brick.  The  floors,  which  are 
of  woven  wire,  rotate  slowly  over  a  series  of  drums,  so  that  the 
moist  com  is  constantly  run  from  the  top  hopper,  and  during 
its  progress  is  robbed  of  moisture,  and  exposed  to  as  much 
heat  as  may  be  desired.  It  is  finally  discharged  into  the 
bottom  hopper,  whence  it  is  conveyed  to  any  desired  position 
for  cleaning,  sorting,  and  grinding. 

It  will  be  noticed  how  very  greatly  this  process  differs  from 
common  malting,  and  how  completely  it  depends  upon 
mechanical  aid. 

The  changes  produced  in  rice  by  gelatinisation  are  indicated 
by  the  following  analyses  : — 

w  ater        ...         ...         ... 

Starch 

Dextrine  and  Sugar 

Soluble  albuminoids 

Insoluble      do 

Cellulose 

J^  CmU...  ...  ••<  ••( 

ArVi 


Baw 

GelatiniRed 

Rioe. 

Rioe  Malt. 

12-51 

9-63 

74-81 

...      77-22 

111 

2-96 

0-41 

0-13 

8-78 

8-62 

0-76 

0-33 

0-78 

0-43 

0-84 

0-71 
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The  rapturing  of  the  starch-granules  by  combined  high  tem- 
perature and  pressure,  and  the  essential  em^yreumatic  flavour 
given  by  high  kiln-drying  in  direct  contact  with  the  products  of 
combustion,  are  not  capable  of  tabulation.  They,  however, 
constitute  the  chief  value  of  the  process  ;  the  points  of 
superiority,  in  addition  to  those  already  enumerated,  are  its 
remarkable  rapidity  and  certainty  of  action.  Grain  can  be 
received,  steeped,  steamed,  dried  and  ground  entirely  ready 
for  use  in  eight  hours  (common  malt  takes  from  ten  to  twenty- 
one  da}rs).  Every  kernel,  when  gelatinised,  is  subject  to 
precisely  the  same  conditions  of  moisture,  heat,  and  exposure, 
enabling  the  brewer  to  know  accurately  the  composition  of  his 
wort,  an  element  of  uniformity  impossible  of  attainment  in 
ordinary  malt. 

All  grown  malt  has  invariably  a  large  excess  of  diastatic 
power.  Gelatinised  malt  is  deficient  in  this  respect,  but  when- 
ever used  in  conjunction  with  common  malt,  the  excess  of 
diastase  present  in  the  mash-tun  is  invariably  sufficient  rightly 
to  convert  the  starch  of  the  gelatinised  gram.  The  diastatic 
action  naturally  developed  in  gelatinised  malt  has  been  proved 
by  experiments  to  be  very  distinct,  and  by  continuing  the 
process  of  gelatinisation  farther  it  could  be  increased.  Measuring 
it  at  the  temperature  most  favourable  to  this  action  (150^  to  152^ 
Fahr.),  it  is  found  that  about  25  per  cent,  of  the  starch 
is  converted  by  the  natural  diastatic  action  of  gelatinised  rice, 
malt,  and  that  it  is  a  true  diastatic  action  is  shown  by  its 
being  stopped  by  the  addition  of  salicylic  acid.  The  alteration 
in  the  albuminoids  is  evidenced  by  its  use  in  brewing;  for 
the  yeast,  instead  of  being  deteriorated,  as  it  would  be  by  the 
employment  of  raw  rice,  is  improved  in  strength. 

The  high  pressure  and  heats  adopted  during  the  process  of 
gelatinisation  effectually  rupture  the  granules  of  starch,  making 
the  constituent  molecules  enter  freely  into  contact  with  the 
diastatic  wort,  which  rapidly  effects  the  change  of  starch  into 
the  saccharine  compounds  essential  in  worts.  The  peptonising 
influences  of  gelatmisation  aid  materially  the  formation  of  a 
wort  duly  containing  the  soluble  albuminoids  in  that  nice 
equilibrium  so  essential  to  the  healthful  growth  and  reproduc- 
tion of  yeast.  Upon  this  growth  the  success  of  the  brewer's 
operation  so  largely  depends.  The  old  belief  in  the  superlative 
importance  of  fermentation  in  brewing  has  been  freely  ques- 
tioned for  some  time.  It  is  attributing  causes  to  effects.  It 
is  now  beginning  to  be  accepted  as  true  that  fermentations  are 
controlled  greatly  in  the  malt-house  and  mash-tun.  The  power 
to  gelatinise  such  starchy  grains  as  rice,  or  such  nitrogenous 
material  as  maize  or  wheat,  adds  immensely  to  the  power  of 
a  brewer  to  control  properly  his  fermentation.  To  the  general 
public  such  control  has  the  direct  advantage  of  improving  the 
quahty  of  the  beer  produced.  Bational  cultivation  of  the  yeast 
is  invariably  and  absolutely  an  improvement  in  beer,  perceptible 
to  the  consumer.  Consequently  tne  sphere  of  malting  has  been 
speedily  widened  by  the  removal  of  restrictive  legislation. 
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Whitb  Malt. 

This  material  is  also  known  as  torrefied  grain.  It  was 
invented  and  patented  in  1883  by  Mr.  J.  Fordred.  It  is  barley 
prepared  by  the  aid  of  a  machine,  which  consists  chiefly  of  a 
horizontal  cylinder,  surrounded  by  a  sheet-iron  casing,  in  which 
it  can  be  rotated  freely.  The  cylinder  is  made  of  wrought-iron 
plates  ingeniously  joined  together,  and  there  is  a  space  between 
its  external  surface  and  the  outside  casing.  Beneath  the  whole 
length  of  the  cylinder  is  a  long  ^as-burner  of  novel  construc- 
tion (also  patented),  which  supplies  a  smokeless  flame  possess- 
ing great  heating  power.  Inside  the  cylinder  are  a  number  of 
projecting  arms,  which  keep  the  grain  in  a  constant  state  of 
motion,  and,  by  their  peculiar  arrangement,  cause  the  stream  of 
grain  to  pass  gradually  along  from  one  end  of  the  cylinder  to 
the  other.  A  hopper  is  provided  at  one  end,  with  a  valve  to 
regulate  the  supply  of  grain,  and  at  the  other  end  is  a  recep- 
tacle for  receiving  the  torrefied  grain.  When  the  machine  is 
at  work,  the  grain  is  kept  in  constant  motion,  whilst  being 
exposed  to  the  desired  temperature,  and,  with  a  very  Uttle 
practice,  any  workman  can  regulate  its  action  by  adjusting  the 
hopper-valve,  the  supply  of  gas,  and  the  speed  of  the  revolving 
cylmder,  so  as  to  obtain  the  desired  result.  By  passing  through 
this  machine,  grain  undergoes  a  remarkable  change ;  the  heat, 
acting  in  conjunction  with  the  moisture  which  is  always  present 
in  grain,  causes  the  starch-cells  to  burst,  and  these  in  their  turn 
burst  the  husk ;  so  that  each  com  becomes  swollen  and  con- 
siderably enlarged.  In  the  case  of  barley  the  original 
configuration  of  the  corns  is  usually  maintained,  but  in  the  case 
of  maize  and  some  other  grains  the  corns  burst  completely,  and 
take  fancifol  shapes,  resembUng  parched  "pop-corn."  This 
material  is  used  by  some  brewers  with  satisraction,  and  it  has 
been  highly  approved  by  many.* 

Another  form  of  gelatinised  com  is  prepared  according  to 
Southby's  patent.  No.  3199,  August  5th,  1880,  and  by  a  later 
patent,  No.  1269,  Jan.  11th.  1884. 

B^  the  first  patent,  any  com  is  steeped  for  from  twenty-four 
to  sixty  hours,  according  to  the  sort  of  corn,  and  the  time 
required  for  it  to  reach  the  limit  of  saturation,  which  in  all 
cases  is  attained.  It  is  then  transferred  to  the  steaming- 
vessel,  where  steam  at  low  pressure  is  driven  through  for  from 
three  to  five  hours.  After  complete  cooking,  the  grain  is 
removed  to  a  kiln,  where  it  is  well-dried  at  suitable  tempera- 
ture. 

When  dry,  the  grain  is  ground,  and  is  ready  for  use. 

By  the  second  patent  (1884)  provision  is  made  to  pass 
damp  barley  through  smooth  rolls,  and  so  flatten  it.  It  is  tnen 
dried  for  several  hours  at  high  temperature,  and  can  be  used 
with  malt  in  the  mash-tub  in  the  ordinary  way. 

•  See  E.  G.  Hoopeb,  Manual  of  Brewing,  pp.  170,  175,  186 ;  and  T.  W.  Lovz- 
BOND,  Biewing  with  Baw  Grain ;  the  Times,  Aug.  14,  1885,  p.  10,  Crop  and  Stock 
Proapeota,  &o. 
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Dari,  Duba,  OB,  Dhourrha  (Millet). 

This  is  largely  used  in  Africa,  for  the  Kaffirs,  Nubians,  and 
other  African  races  prepare  an  alcoholic  drink  from  it.  It  is 
rudely  malted  by  bemg  covered  with  wet  mats,  and  after  a 
certain  stage  of  growth  is  reached  it  is  dried,  infused,  and 
fermented. 

The  Nubians  term  the  resulting  drink  bousa,  the  Zulus, 
huyembo.  The  Kaffirs  strain  it  through  closely  woven  grass  ; 
but  Cetewayo  compared  the  Zulu  beer  to  mruel. 

Mango  Park  de^ribes  a  fermented  bevlrage  made  in  Africa 
from  the  Holcus  spicattcs,  or  wall-hardy. 

Dr.  Birch  remarks  in  his  notes  on  Wilkinson's  translation  of 
Herodotus  that  the  propensity  for  intoxicating  drink  in  the 
valley  of  the  Nile  may  be  said  to  augment  in  the  same  ratio 
as  the  increasing  darkness  of  hue  of  the  tipplers  higher  and 
higher  up  the  valley. 

The  composition  of  dari  is  shown  by  M.  G.  Leeuw,  who 
gives  the  following  analyses  in  the  Centralblatt  fiir  Agrikultur- 
Chemie  for  1882,  p.  484. 


BgTptfaoiDari. 

SyxianDul 

Mali. 

Hnaks. 

Water        

1006 

9-97 

8-04 

6-65 

706 

9-88 

10-31 

3-91 

Fat 

6-11 

3-62 

4-42 

0-96 

74*20 

72-22 

73.32 

26-68 

Fibre          

0-97 

1*63 

1-77 

26-80 

Aah 

1-62 

2-78 

214 

7-98 

Starch         

-^ 

""• 

~"~ 

3013 

Kdji. 

For  many  centuries  the  Japanese  have  been  in  the  habit  of 
making  a  beer  called  sak^  with  a  malt  prepared  from  rice  in  a 
way  entirely  different  from  European  conceptions  of  malting, 
and  without  the  intervention  of  germination,  or  rather  without 
the  exercise  of  the  vital  powers  of  the  grain. 

In  1881  the  scanty  literature  of  the  subject  was  richly  added 
to  by  a  very  fall  memoir  on  "The  Chemistry  of  Sak^-Brewing," 
published  by  Prof.  B.  W.  Atkinson  in  the  Memoirs  of  the 
Science  Department  of  the  University  of  Tokio.  That  part  of 
the  work  relating  to  the  i^reparation  and  nature  of  the  kdji,  or 
malt,  was  also  embodied  in  papers  conmiunicated  to  the  Koyal 
Society,  1881,  and  to  the  Society  of  Arts,  1883,  and  was  more 
or  less  fully  reproduced  in  various  journals. 

In  the  preparation  of  kdji,  the  grains  of  rice  are  first  deprived 
of  the  husk,  then,  by  rude  pounding,  of  the  testa  and  germ. 
After  separation  of  the  many  broken  grains  thus  produced, 
the  rice,  now  little  more  than  60  per  cent,  of  its  original 
weight,  is  placed  in  a  tank  and  washed  with  frequent  changes 
of  water,  the  fine  dust  being  carried  off. 

The  grain  is  left  in  steep  for  a  night,  and  is  then  submitted  to 
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steam  till  the  gelatinisation  of  the  starch  renders  the  kernels 
flexible  and  translucent. 

A  microscopic  section  of  the  grain  at  this  stage  shows  that  it 
has  to  a  great  extent  lost  its  cdlular  structure,  the  granules  of 
starch  being  broken  up  and  forming  a  homogeneous  mass  of 
starch-paste.  When  tne  rice  has  cooled  down  sufBiciently,  to 
about  82^  Fahr.,  the  spores  of  a  fungus  described  by  Ahlburg*  as 
Eurotmm  oryzae  are  mixed  in  small  proportion  with  the  mass, 
which  is  then  placed  in  underground  chambers  of  practically 
unvarying  temperature,  about  80°  Fahr. 

Here  it  is  alternately  heaped  and  spread  out,  the  temperature 
rising  in  the  heaps  to  105°  Fahr.  The  malting  of  the  grains  by 
the  mycelia  is  prevented  by  frequent  manipulation,  and  on  the 
morning  of  the  fourth  day  the  process  is  considered  complete. 

The  changes  induced  in  the  rice  by  this  method  are  nearly 
the  same  as  m  European  malting ;  the  starch  is  rendered  soluble, 
and  the  proteins  are  brought  into  the  condition  of  diastase,  so 
that  a  large  proportion  of  steamed  rice  may  be  used  with  the 
k6ji  in  the  brewing  of  sak^. 

It  is  dij£cult  to  obtain  a  correct  analysis  of  kdji  on  account 
of  the  rapid  action  of  the  diastase  upon  the  dextrine  and  starch 
present,  the  amount  of  dextrose  increasing  continually  at  the 
expense  of  the  other  carbohydrates.  Temperature  has,  of 
course,  an  important  effect  upon  the  diastatic  action  as  is  shown 
by  the  tables  given  below. 

Composition  of  Kdji  dried  at  212°  Fahr, 


3  )  Dextrine 

4  )  Anh 

£  VProteidfl 
.     Staroh 

3  (Gelliilo6e 

4  Fat 
i  Aah 

5  ^ProteidB 


Origioal  water 


25-02 
3-88 
0-62 
8-34 

5600 
4-20 
0*43 
0-09 
1-60 


37-76 


62-22* 


25-82  per  oent. 


B 


68-10 
4*41 
0*54 
6-40 

26-20 
1*94 
0-50 
0-04 
1-83 


69-46 


30*51 


28-10  per  cent. 


Action  of  Hot  Water  upon  K&ji. 


Time  and  Temperature. 

PeregntagQ  di^ 
•olTed. 

FercentagQof 

Deztrcwe  to  total 

•oUd  dimoWed. 

Spedflo  rotatory 
power. 

2  hzfl.  120^'  +  18  hrs.  60<> 

Jhr.  113° 

2  hrs.  113° 

20m1ii.l20°          

24  hzs.  6u°  +  2  hzs.  212° 

18  hrs.  40° 

51-8 
81-8 
61-6 
37-2 
49-2 
29-2 

68.0 
84-9 
68*6 
66*0 
580 
69-3 

68° 

761° 

53-5° 

63-2° 

73-8° 

66-3° 

*  Mitth.  deuUeh,  Gm.  Tokohama,  heft  zvi.  1878. 
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Composition  of  Dry 

Matter  in 

K6ji-toort. 

Time  and  Tempemtiixe. 

Dextnxn. 

Deztriifte. 

Pkotflim 

18  hoBM  at  40°—  44°  Fahr 

}  hour  at  113°Fa}ir 

2  honzaat  113°Ealir. 

69-3 

84-92 

71-48 

14-7 

12*48 

10-43 

160 
2-6 
1808 

The  diastase  of  kdji  differs  from  that  of  malt  in  its  power, 
which  the  latter  has  not,  of  hydrating  maltose  into  dextrose. 
The  action  is  so  rapid  that  the  presence  of  maltose  can  only 
be  proved  in  a  solution  of  starch  and  kdji  by  the  indirect 
method  of  polariscopic  examination.  The  inferior  rotatory 
power  of  maltose  causes  the  mixture  to  give  a  less  angle  of 
rotation  than  pure  dextrine,  and  thus  to  afford  a  rough  criterion 
of  their  relative  amounts.  But  the  results  are  vitiated  by  the 
presence  of  other  bodies  affecting  polarised  light.  The  proteids 
rotate  the  ray  to  the  left  ( —  40°)  to  an  extent  varying 
with  their  relative  proportion  and  with  their  condition,  and 
some  of  the  dextrine  is  converted  to  dextrose,  which  has  a 
much  lower  rotatory  power  than  maltose. 

Edji  has  its  maximum  of  diastatic  power  at  180°  Fahr., 
above  which  point  it  rapidly  diminishes,  losing  all  at  some 
point  between  140°  and  160°  Fahr.  As  with  uie  extract  of 
barley-malt,  the  loss  of  diastatic  power  is  accompanied  by 
coagulation  of  the  proteids  that  possess  it. 


Chica. 

From  time  immemorial  the  American  Indians  have  prepared 
a  strongly  alcoholic  beverage,  chica  or  chicha,  by  fermenting 
a  decoction  of  ungerminated  maize. 

The  corn  is  steeped  for  four  or  five  hours,  then  crushed, 
boiled  for  a  short  time,  and  allowed  to  ferment. 

The  microscoi>e*  reveals  germs  of  a  special  organism,  adhe- 
rent to  the  exterior  of  the  grain,  into  which  its  mycelia  pass  in 
developing,  throwing  off  vibrioles,  which  move  freely  among 
the  starch-grantdes,  while  nucleated  cells  somewhat  resembliug 
those  of  yeast  are  also  produced  under  favourable  conditions. 
This  organism  can  withstand  the  temperature  of  water  at 
95°  C.  (203°  Fahr.)  for  several  minutes,  but  is  killed  by 
chloroform.  If  this  be  added  freely  to  the  mixture  of  maize- 
starch  and  water,  fermentation  entirely  ceases,  unless  its  albu- 
minoids have  been  partially  changed  to  diastase,  the  action  of 
which  is  unaffected  by  chloroform.  The  vibriolic  fermenta- 
tion is  most  active  at  40°  to  45°  C.  (104°  to  113°  Fahr.), 
and  the  immature  starch-granules  are  most  readily  attacked 
by  it,  being  converted  into  dextrine,  alcohol,  and  car- 
bonic acid  gas  (the  latter  coming  off  in  torrents).    The  adult 

*  A  power  of  600  to  800  diameters  is  most  suitable  for  this  inyestigatioD.    See 
Maboaho,  Compt,  Msnd.  t.  xor.  pp.  345,1346,  866-869  [1882]. 
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grannies  yield  more  slowly  to  the  fermentative  action,  but  give 
the  same  resnlts. 

The  corioos  facts  observed  in  the  preparation  of  chica  and 
k6ji  raise  a  very  complex  and  intricate  question,  viz.,  To  what 
extent  is  diastatic  action  influenced  by  mycelium  or  mould 
growth,  independently  of  the  true  influences  of  germination? 
As  it  is  proved  that  zymotic  influence  upon  the  exterior  of 
grain  effects  a  change  apparently  equivalent  to  growth,  it  is 
open  to  us  to  question  how  much  of  the  supposed  effect  of 
germination  is  zymotic.  It  must  be  remembered  that  little 
vegetation  takes  |>lace  without  zymotic  action.  The  zymotic 
influences  of  kdji-preparation  take  place  altogether  indepen- 
dently of  growth,  therefore  it  is  quite  possible  that  the  diastase 
of  malt  is  partly  derived  from  influences  other  than  that  of 
vegetation. 

Bye-products. 

The  other  products  of  malting  are  singularly  few  and  simple. 
They  are  commonly  only  combes,  dust,  screenings,  swimmings, 
and  steep-liquor. 

Malt-combes  are  the  radicles,  which  become  crisp  and  dry 
upon  the  kiln,  and  are  rubbed  or  trodden  off.  Many  maltsters 
keep  them  with  the  malt  for  the  whole  period  of  storage. 
Others,  however,  remove  the  dust  and  combes  prior  to  storing 
the  malt.  The  latter  is  doubtless  the  better  plan,  for  the 
simple  reason  that  the  combes  so  readily  absorb  moisture  that 
it  is  dangerous  and  undesirable  for  them  to  be  in  direct  contact 
with  the  malt  for  any  length  of  time. 

It  is  not  uncommon  to  put  them  upon  the  top  of  a  malt-bin 
for  a  depth  of  five  to  eight  mches,  and  they  keep  the  malt  from 
absorbing  moisture.  In  this  capacity  they  are  of  use  to  the 
maltster. 

Their  chief  value  is  for  feeding  purposes.  Horses,  cattle, 
sheep,  and  pigs  derive  great  nourishment  from  them.  They 
are  sdso  extensively  used  for  yeast  food  by  the  makers  of  yeast 
for  distillers'  and  bakers'  use.  Careful  housewives  approve  of 
them  for  packing  hams  and  bacon,  as  they  prevent  imdue 
dryness  and  keep  off  flies  and  other  pests. 

The  quantity  of  combes  produced  varies  largely,  and  depends 
upon  the  character  of  the  barley  and  the  length  of  growth  of 
the  radicles. 

Thin-skinned,  heavy  barley  of  good  quality,  if  grown  with 
short  bushy  roots,  will  produce  less  than  two  per  cent,  by 
weight  of  combes — i,e,,  100  lbs.  of  dry  barley  will  yield  under 
2  lbs.  of  combes. 

Thin  inferior  barley,  if  grown  folly  and  with  great  develop- 
ment of  rootlets,  will  yield  upwards  of  four  per  cent,  of 
combes. 

The  average  may  be  assumed  roughly  at  about  three  per 
cent,  of  the  weight  of  barley,  or  four  per  cent,  of  the  weight  of 
dry  malt. 

A  great  deal  of  attention  has  recently  been  given  in  Belgium, 
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Gennany,  and  America  to  the  composition  of  combes.  The 
investigations  of  Lermer  are  perhaps  the  most  complete  and 
exhaustive  of  any,  involving  the  determination  of  a  large 
number  of  organic  substances,  some  present  only  in  minute 
proportions,  but  not  the  less  interesting  on  that  account. 
Amongst  the  constituents  of  combes  are  found  the  following: — 

Acids  : — 
Acetic. 
Asparagic. 
Citric. 
Formic. 
Lactic. 
Malic. 
Oxalic. 
Propionic. 
Succinic. 
Tannic. 
And  a  fatty  acid. 

Neutral  Substances:— 
Albumen. 
Ash. 

Asparagin. 
Cellulose. 
Cholesterin. 
Gum. 
Oil. 
Besin. 
Sugar. 
Water. 
Wax. 

The  relative  amounts  of  these  several  matters  necessarily 
vary  greatly,  not  only  as  to  such  as  are  akin  to  each  other,  but 
as  to  substances  that  have  nothing  in  common.*  Thus  the 
nitrogenous  matters  range  between  eighteen  and  thirty-three 
per  cent.,  and  the  non-nitrogenous  bodies  vary  correspondingly. 

The  subjoined  analyses  are  selected  as  typical. 


Dietrich 

Stein* 

Lenner  t 

Law«  t 

and 
Koniff) 

Wolff  i| 

Water 

_ 

10-72 

10-00 

11-73 

13-77 

10-26 

Kitrogenoufl  bodies  .. 

30*613 

32-90 

18-10 

23-76 

22-06 

2408 

19-4 

CeUnloee 

36-686 

•. 

m^ 

8-64 

8-41 

14-27 

.. 

Fat 

~~ 

m^ 

^ 

— 

— 

207 

1-7 

Ash 

9-246 

6-91 

6-91 

7-41 

7-82 

7-17 

.. 

Other  non-nitrogenous 

matters 

24-466 

49-97 

6671 

48-67 

47-94 

42*26 

46-0 

•  CA*m.  Crntr,  1860,  pp.  494,  676—678. 

t  Fbi^t,  Joum,  M.  dxxix.  pp.  71—80  [1866], 

}  Report  on  Malt  for  Cattle,  Blue  Book.  1866. 

\  Die  Zusammensetzung  und  Verdauliohkeit  der  Futtentoffe,  1874. 

11  Die  rationelle  Fiitternng  der  landwirthliohen  Nutsthieie,  1877. 
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Dust  is  either  the  very  thin  refase  and  dirt  screened  from  thd 
barley,  or  the  kihi-dust,  which  accumulates  in  kilns. 

In  good  maltings  all  barley  is  screened  prior  to  steeping.  In 
some  this  is  done  prior  to  storing.  The  cleanest  barley  can 
usually  be  freed  from  some  dust  and  fine  refuse.  This  is  of 
very  little  use  or  value.  The  quantity  is  ruled  entirely  by  the 
nature  of  the  barley  and  character  of  screen  used.  It  ranges 
from  '05  to  30  per  cent. 

KiLN-DUST  is  a  mixture  of  the  dust  and  rootlets  of  the  barley, 
dropped  through  the  drying  floor,  mingled  with  the  coarser 
dust  carried  from  the  fire,  and  which  settles  upon  the  floor  of 
the  heat-chamber  of  aU  ordinary  kilns. 

This  dust  is  of  value  for  manurial  purposes,  and  in  some 
districts  is  very  highly  esteemed,  so  much  as  two  shillings  per 
sack,  or  four  shillings  per  imperial  quarter,  being  paid  for  it  by 
farmers.  Its  composition  and  character  necessarily  vary  very 
widely.  If  allowed  to  accumulate  unduly,  it  readily  catches 
fire,  and  much  malt  is  spoiled  by  this  means. 

ScBEENiNGS. — When  the  MaJt-tax  was  in  force,  almost  all 
barley  was  screened  or  graded,  to  prevent  payment  of  a  heavy 
duty  upon  com  which  was  comparatively  of  little  value.  On  an 
average,  about  5  per  cent,  by  weight  of  barley  was  so  removed, 
and  was  chiefly  sold  to  millers  or  others  for  feeding  purposes. 
A  considerable  quantity  of  this  thin  barley  was  ignorantly  used 
by  farmers  for  seed  com.  Its  value  is  usually  from  one-half  to 
two-thirds  of  that  of  the  bulk  of  the  corn  from  which  it  was 
screened. 

Swimmings. — ^When  barley  is  run  into  a  cistern,  such  refase 
thin  com  or  other  light  things  that  have  escaped  the  separa- 
tion of  the  screens  float  upon  the  surface.  Careful  maltsters 
remove  these  swimmings,  and  sell  them.  They  do  not  often 
fetch  more  than  a  shilling  a  bushel.  The  quantity  is  ruled 
entirely  by  the  care  with  which  the  com  is  screened. 

Steep-liquor. 

It  is  not  usual  to  regard  the  water  in  which  barley  has  been 
steeped  as  a  product  in  the  sense  of  being  in  any  way  valuable, 
and  it  is  commonly  run  away  to  waste.  £ut  its  offensive  smell, 
developed  in  a  few  hours  after  withdrawal  from  the  cistern,  if 
not  whilst  in  that  vessel,  denotes  the  presence  of  a  considerable 
quantity  of  organic,  matters  of  unstsible  character,  and  micro- 
scopic and  chemical  tests  reveal  the  nature  of  these.  The 
subjoined  analyses  show  that  valuable  mineral  salts  are  dis- 
solved fi*om  the  grain,  in  association  with  an  important  amount 
of  nitrogenous  and  other  soluble  matter.  The  systems,  now 
coming  into  use,  of  thoroughly  screening,  brashing,  and  wash- 
ing the  com  prior  to  steeping,  eliminate  much,  but  not  all,  of 
the  dirt,  fangoid  spores,  &c.,  associated  with  even  the  best  of 
grain. 

The  proportion  of  matter  dissolved  out  by  steeping  varies 
with  the  extractive  power  of  the  water  used,  with  the  resist- 
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ance  to  dififasion  of  the  husk,  and  with  the  susceptibility  to 
alteration  of  the  constituents  of  the  grain,  whilst  tne  amount 
of  water  used  in  continuous  or  periodical  changing  of  the  steep- 
liquor,  necessarily  affects  the  relative  quantity  of  matter  m 
solution.  In  any  case,  however,  the  salts  and  nitrogenous 
matter,  whether  much  or  Uttle  diluted,  have  a  manurial  value 
of  importance  where  the  hquor  can  he  used  for  irrigation. 

Drs.  Hope,  Coventry  and  Thomson,  reporting  to  the  Com- 
missioners of  Excise  for  North  Britain,  on  the  relative  qualities 
of  malt  made  from  barley  and  Scotch  bigg  (1806),  point  out 
that  the  colouring  and  bitter  extractive  matter  of  steep-liquor 
are  derived  principally  from  the  husk;  for  if  the  latter  be 
removed  the  water  takes  up  scarcely  anjrthing,  and  does  not 
acquire  the  high  colour  conununicated  by  the  entire  grain. 
That  the  characteristic  taste  and  smell  of  the  liquor  are  almost 
identical  with  those  produced  by  steeping  straw,  and  that  bigg, 
having  more  husk  and  of  a  darker  colour,  gives  a  deeper  tint 
and  greater  amount  of  extract  in  steeping,  are  further  argu- 
ments in  favour  of  this  view. 

The  resins  of  the  husk  are  probably  the  source  of  both  colour 
and  bitterness,  and  being  more  or  less  soluble  in  alkaline  or 
neutral  solutions,  pass  into  the  h'quor  at  an  early  sta^e  of  the 
steeping.  Access  to  the  gluten-cells  being  thus  obtained,  they 
are  partially  decomposed,  the  phosphates  set  free  attacking  and 
dissolving  Lther  portions  of  gluten,  and  faciUtating  the  ab- 
sorption  of  moisture  into  the  heart  of  the  grain,  and  the  diffusion 
outwards  of  the  mineral  and  organic  substances  dissolved. 

Drs.  T.  and  B.  D.  Thomson,  in  their  Beport  on  Feeding 
Cattle  with  Malt  (1846),  give  the  following  analysis  of  the 
residuum  obtained  by  evaporation  of  steeping-liquor,  but  omit 
to  mention  the  amount  per  gallon  or  to  indicate  the  composition 
of  the  water  used,  except  by  stating  that  it  was  drawn  from  the 
Clyde  and  contained  carbonate  and  sulphate  of  lime. 


Silica 

2-32 

Phosphoric  acid     ... 
Sulphuric  acid 
Carhonic  acid 

6-22 
600 

9-09 

Chlorine  ... 

1-99 

Peroxide  of  iron    ... 

0-72 

Lime 

3-95 

Magnesia 
Potash     ... 

4-26 
29-74 

Soda 

23-60 

Organic  matter  (with  '878 
and  combined  water    ... 

nitrogen^ 

1 

13-11 

lOO-OO 

The  nitrogen  is  equivalent  to  5*48  per  cent,  of  albumen, 
probably  dissolved  by  the  aid  of  the  phosphatic  salts.  It  is 
added  that  the  residuum  dried  at  212°  lost  upon  ignition 
upwards  of  40  per  cent.,  which  would  imply  the  presence  of 
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non-nitrogenous  organic  matter  in  mnch  ^ater  amount  than 
shown  by  the  above  figures,  and  suggests  serious  error  somewhere. 

It  may  be  noted  that  the  amount  of  saline  matter  lost  in 
steeping  bears  nearly  the  same  ratio  to  the  total  loss  of  solid 
matter  in  malting  as  the  ash  of  barley  bears  to  the  solid 
matter  of  the  grain,  proving  the  ash  to  be  in  chemical  com- 
bination with  the  organic  matter,  and  the  decomposition  of  the 
latter  to  be  a  necessary  preliminary  to  the  solution  of  the  salts. 

Sir  J.  B.  Lawes  gives  in  his  report  on  barley  and  malt  as 
food  for  stock  (1866)  the  following  partial  analyses  (p.  40) : — 


Organic  matter 
Mineral  matter 


Water  before  Steeping.       Steep-Liquor. 

2-79         ...         26505 
...      26-30        ...         155-70 


420-75 


Total  grains  per  gallon       29*09 

The  nitrogen  in  the  steep-liquor  was  8*62  grains  per  gallon, 
equivalent  to  54*31  of  albumen. 
Lermer*  puts  the  loss  in  steeping  at 

0*70  organic  matter 
0*34  inorganic  do. 

and  the  composition  of  the  latter  as 


Potash 

Soda 

Sodic  chloride 

Magnesia  ... 

liime 

Alumina   ... 

Oxide  of  iron 

Phosphoric  acid 

Sulphuric  acid 

Carbonic  acid 

Silica 


5211 

2-46 
12-04 
4-02 
200 
004 
0-08 
11-15 
4-12 
9-21 
2-62 


whilst  the  relative  amounts  of  mineral  matter  in  barley,  malt, 
and  steep-liquor  are  shown  by  the  subjoined  table. 


lOOFtirta 
I>X7  Barley. 

I'Oi  Puts  Puring 
into  Steep-liquor. 

88-81  Fkuti  Halt 

Pot&flh   ... 

0-55289 

0-17744 

0-37433 

OUUo           •••             •••             ••■ 

0-02578 

0-00837 

0-01731 

Chloride  of  magneelimi 

004646 

0-04100 

0*00542 

ICftgnesift 

0-15884 

0-01369 

0-13993 

0-09000 

0-00681 

0-08029 

Alnmina 

0-00978 

0-00014 

0-00917 

Fhoflphorio  acid           

Sulphuric  acid 

Carbonioaoid 

0-79297 

0-03797 

0-73675 

0D1411 

0-01403 

Traoe. 

0-00000 

0-03136 

000000 

0-70760 

0D0892 

0-69861 

2-39838 

0-33973 

206081 

•  Fofyt.  Jtmm,  bd.  dxxix.  pp.  71—80  [1866]. 
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Ullik  *  in  a  series  of  experiments  in  steeping  with  distilled 
water,  Elbe  water,  a  well-water  of  temperate  hardness,  and 
two  waters  with  sulphate  of  lime,  fomid  that  all  the  hard 
waters  dissolved  more  potash,  lime,  and  magnesia  than  the 
distilled  water,  that  the  gypsum  and  the  distilled  water  re- 
moved most  soda,  but  the  phosphoric  acid  dissolved  was  much 
the  same  with  all.  He  holds  that  the  duration  of  the  steep  is 
more  important  than  the  quality  of  the  water. 

Heutf  finds  that  different  barleys  lose  widely  different 
amounts  in  the  same  steeping  water.  The  variations  are 
dependent  on  the  ratios  of  bases  to  acids  and  the  solubility  of 
the  resulting  salts. 

Michel  and  Handwerck:^  fii^d  that  1  per  cent,  of  sodic 
chloride  has  an  important  solvent  action  on  the  proteins,  whilst 
it  retards  germination.  The  presence  of  salts  of  lime  prevent 
these  detrimental  actions. 

In  the  same  year  Mills  and  Pettigrew§  published  the  results 
of  a  valuable  series  of  experimental  steepings  of  barley  in  dis- 
tilled and  in  artificially  prepared  waters.  To  obviate  errors 
they  used  300  grammes  of  grain  in  400  cubic  centimetres  of 
water,  and  continued  the  steep  for  seventy-two  hours.  The 
first  and  IcLst  experiments  in  TaJbles  I.  and  II.  were  made  with 
saturated  solutions  and  distilled  water  respectively.  The  first 
column  shows  the  percentage  of  salt  present  in  the  original 
water ;  the  other  columns  that  of  the  various  constituents  of 
the  steep-liquor. 

Compound  A  was  a  mixture  of  calcic  sulphate  with  sodic 
chloride,  giving  the  permanent  hardness  of  the  Lichfield  water, 
and  compound  fi  was  similarly  made  with  bicarbonate  of  lime 
and  sodic  chloride  to  equal  the  temporary  hardness  of  the 
Lichfield  sample. 


I.— Tbxfbiutubb  iCP  Fars. 

OarbonAte  of  lime. 

Beddue. 

ABh. 

Extract. 

Nitrogen. 

0*0896 
0*0672 
0*0448 
0*0224 
0*0000 

0*4817 
0*4670 
0*4682 
0-4440 
0-4016 

0*3017 
0*2870 
0*2830 
0*2762 
0*2640 

0*1800 
01800 
0*1762 
0*1688 
0*1476 

0*00364 
000496 
0-00614 
OHX)729 
0*00636 

IL— TSICFXE^TUBB  62°  FaBS. 

Sulphate  of  Lime. 

Beridne. 

Aah. 

Extract. 

Nitrogen. 

0*2210 
01667 
0-1106 
0*0662 
0*0000 

0*7240 
0-7470 
0*6000 
0*6480 
0-6110 

0*4440 
0*4296 
0*8440 
0-3400 
0*2760 

0*2800 
0*3174 
0*2660 
0*2080 
0*2360 

000364 
000411 
0*00356 
000374 
a00466 

•  Centr.  Agrik.-CKtm,  1882,  pp.  40—42.  t  iWrf,  p.  203. 

{  /0Mr».  Ch0m»  Soe,p  roL  xli  pp.  38—44. 


t  Ibid,  p.  486. 
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in.— TXXFBBATDBB  40®  FaHB. 


Sulphate  of  lime. 

Besidue. 

Aflh. 

Eztiaot. 

NltrogBiL 

• 

liohfield  water* . . 
Half           „ 
Distilled  water   .. 

0*4640 
0-4100 
0-4132 

0*2427 
0*2207 
0-2230 

0-2113 
0-1893 
0*1902 

0*0036 
lost 
0-0042 

IV.— TBKPBBA.TnBB  44®  . 

• 

Fabb. 

Gompoimd  A 
Half  A    . . 
Distilled  water   . . 

0*4382 
0*4734 
0*4132 

0*2430 
0*2460 
0-2112 

0*1962 
0*2284 
0*2020 

0*00299 
0-00436 
0-00322 

v.— TmffFRRATURH  47®  FlHH. 

Gompoimd  B 
Half  B     . . 
Distilled  water    .. 

0*4628 
0-2360 
0*4334 

0-2372 
0*2360 
0-2274 

0*2166 
0-2280 
0*2060 

0-00326 
000400 
0-00392 

Phosphates  were  found  in  all  the  liquors.  In  Series  I.  the 
liquor  was  slightly  acid,  and  gave  a  precipitate  on  boiling,  the 
filtrate  from  which  was  not  acid  and  contained  no  phosphate. 
In  Series  11.  alkaline  sulphate  was  found  ;  less  and  less 
colouring  matter  was  dissolved  as  the  amount  of  gypsum  was 
increased,  and  the  saline  liquor  gave  far  less  precipitate  when 
boiled  than  the  pure  water  extract.  From  the  latter  an 
albuminoid  precipitate  is  produced  in  the  cold  by  metaphos- 

Ehoric  acid,  and  the  filtrate   gives  a  further  precipitate    on 
oiling. 

The  authors  conclude  that  the  Lichfield  water,  so  esteemed 
at  Burton  for  steeping  purposes,  owes  its  value  to  the  nitrates 
it  contains.  Gypsum  and  chalk  if  concentrated  remove  a 
greater  total  of  organic  matter ;  if  dilute,  a  greater  amount  of 
proteins ;  and  in  either  case  more  mineral  matter  than  pure 
water. 

In  1884  Behrend  and  Stiircke  published  in  the  Wochenschrift 
fiir  Bierbrauerei  a  communication  from  the  technical  laboratory 
of  the  Agricultural  Academy  of  Hohenheim  on  the  chemistry 
of  malting,  a  translation  of  which  appeared  in  the  Brewers' 
Journal  in  the  following  year.  In  this  article  it  is  shown  that 
the  loss  of  phosphates  in  steeping,  which  has  a  serious  effect 
upon  the  yeast,  is  affected  by  the  duration  and  temperature  of 
that  operation,  as  well  as  by  the  character  of  the  water  and, 
the  size  of  the  kernels.  The  results  of  the  experiments,  con- 
densed and  converted  to  British  measures,  are  as  follows : — 

*  The  liohfield  water  had  the  following  composition: — 


Nitric  nitrogen 

. .     0*393  parts  per  100,000. 

0*666     . .     Hardness  (temporary^  7*070. 
1*412     ..            „        (permanent)  11*100. 

Silica   . . 

Magnesia 

. .   10*034     . .     Garhonic  acid  3'0211  yolome  per  cent. 

Sulphate  (S  O4) 

..     4*460     ..     Nitrogen  ..    3*4747 

Chlorine 

..     1*960     ..     Oxygen     ..    3-1080 

Total  soUd      . . 

..  32*440 

N 
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PART  III.— BUILDINGS  AND  TOOLS. 


CHAPTEE  Xin. 

CONSTBUOTION  OP  BUILDINGS.. 

MaltingB.    Constnictioii  of  Buildings : — 

Malt-houaes.  Malt-stores.  Barley-stores.  Constmotion.  Growing-floors : 
Tile,  Slate,  Cement,  Glass.  Lifting  :  Gas.  Cisterns :  Iron,  Bri^  Slate. 
Valves.  Kilns:  Furnaces,  Air,  Iloof,  Outlets,  Double  Floors,  Cowls,  Tom- 
kins*  Kiln,  Faroot  Kiln,  Blackxnan  Fan,  Wheelwright's  Kiln,  Q^cmen  Kiln, 
Toepfer's  Kiln,  Seagrave's  Kiln,  Gillman's  Kiln,  Stopes'  Kihi.  Elevators. 
Conveyors.  Boof.  Diying  Floors.  Wire.  Tiles.  Horsehair.  Baffle- 
plates.   Furnaces.    Air  Aibis.  Turners  :  Schlemmer's,  Perry's.    Malt-stores. 

All  malt  is  prepared  commercially  in  buildings  more  or  less 
exclusively  devoted  to  its  manufacture.  These  consist  of  malt- 
houses  (or  maltings),  malt-stores,  and  granaries. 

Malt-houses  are  variously  constructed  for  the  differing 
systems  of  making  malt  within  them.  Thus  we  have  four  sec- 
tions into  which  it  is  convenient  to  divide  this  subject : — 

(A)  The  ordinary  English  and  Continental  systems  of 
malting. 

(B)  Pneumatic  malting. 

(C)  The  manufacture  of  black,  amber,  crystal,  and  other 
special  malts. 

(D)  The  gelatinisation  of  rice  or  maize,  and  other  processes 
of  preparing  grain  for  brewers'  use. 

The  English  system,  briefly,  is  steeping  com  in  an  open 
vessel,  germinating  it  upon  flat,  exposed  floors  at  very  shallow 
depths,  and  drying  upon  an  open  mre-kiln  with  single  floors  at 
from  nine  to  twenty-one  days  after  steep. 

The  Continental  system  differs  in  steep,  position,  and  depth 
of  floors,  time,  and  mode  of  drying. 

Pneumatic  malting  implies  absolute  control  of  the  conditions 
of  the  air  supplied  to  growing  grain,  and  its  consequent  modi- 
fications of  growth. 

All  maltings  belonging  to  sections  A,  B,  C,  and  D  have  only 
two  things  in  common :  they  must  all  be  able  to  receive  and 
moisten  grain,  and  finally  dry  it.  All  malt-houses  belonging 
to  sections  A,  B,  and  C  have  this  further  in  common — they 
must  secure  conditions  more  or  less  favourable  for  the  proper 
germination  of  com  up  to  a  certain  limit,  prior  to  the  drjmig 
process  and  within  a  given  range  of  temperature. 

These  conditions  are  all  subject  to  definite  limitations  of 
heat,  and  of  circulation  of  air.     Simple  as  they  appear  to  be, 

N  2 
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they  present  scope  for  an  almost  infinite  diversity  of  arrange- 
ment of  building  and  modes  of  construction. 

Coupled  with  the  due  consideration  of  solidity  of  building 
and  economy  of  labour,  they  cover  the  whole  sphere  in  which 
the  engineer  can  serve  the  maltster,  or,  in  other  words,  they 
embrace  the  whole  of  the  engineering  of  malting. 

A  sufficiently  clear  outline  will  be  given  here  to  be  chiefly  of 
practical  value  to  those  men  who  design  and  erect  their  own 
Duildings. 

The  simplest  form  of  malt-house  possessing  any  capacity  for 
work  is  a  plain  two-story  building,  having  attachea  to  it  a 
kiln  or  drying-house,  and  consisting  of  a  ground-floor  of  clunch, 
a  brick  steeping-cistem,  and  a  first-floor  of  timber,  with  or 
without  partitions  for  separating  the  stored  grain  or  malt. 
The  only  implements  are  a  wooden  shovel,  and  a  winnowing 
fan  or  sieve  to  separate  the  roots  or  "  combes  "  from  the  malt 
prior  to  its  use  in  the  brewhouse. 

Houses  of  this  class  were  at  one  time  extremely  numerous, 
and  a  great  number  still  exist.  Their  cost  of  erection  is  very 
moderate,  so  low  that  it  is  still  customary  in  those  counties 
where  such  malt-houses  abound,  to  charge  an  annual  rental 
of  20s.  per  quarter  steeped,  i.e.,  a  house  capable  of 
steeping  twenty-five  quarters,  commands  a  rental  of  £25  per 
annum.  Thus  houses  of  this  class  should  cost  under  £20  per 
quarter  for  erection,  including  value  of  site,  and  even  at  such 
a  prime  cost,  would  be  as  bad  an  investment  for  the  building 
owner  as  they  are,  commonly,  to  the  maltsters  working  them. 

Malt  making  is  to  be  seen  in  Italy  in  an  open  court  or  loggia, 
where  the  barley  is  steeped  in  a  tub,  allowed  to  germmate 
upon  the  stones  m  the  open  air,  and  dried  in  a  smcdl  lean-to 
building,  with  only  a  hole  in  the  roof  for  the  exit  of  smoke  and 
vapour.  This  is  furnished  with  a  floor  of  perforated  sheet-iron 
and  a  furnace  similar  to  that  used  under  an  ordinary  washing 
copper  in  an  English  scullery. 

Even  more  primitive  operations  are  performed  in  Nubia,  as 
there  millet  is  dried  in  the  sun. 

Such  rude  malteries  concern  us  only  so  far  that  they  occupy 
the  lowest  end  of  the  scale,  and  indicate  the  necessity  tor 
moisture,  growth,  and  curing  or  drying,  the  three  essential 
conditions  of  malang  malt. 

The  antithesis  of  these  houses  is  the  grand  malt-house  of 
M.  Bonnette,  of  Troyes,  illustrated  (pp.  227 — 231). 

The  vast  diversitv  of  buildings  fillmg  in  the  various  grades 
of  the  long  scale,  of  which  these  form  the  ends,  are  of  use  to  a 
maltster  or  to  the  engineer,  who  knows  them  all  sufficiently,  to 
direct  him  in  the  scientific  appreciation  of  his  duty  when  called 
upon  to  construct  a  maltmg,  to  devise  the  machinery,  to 
minimise  the  labour  of  its  working,  or  to  invent  and  construct 
such  apparatus  as  shall  absolutely  control  the  conditions  of  the 
material  treated,  throughout  the  whole  of  the  period  that  it  is 
in  the  building. 

The  best  description  of  building  for  any  malt-house  is  a  com- 
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bination  of  stone,  brick,  concrete,  iron,  and  timber,  as  each  of 
these  materials  possesses  advantages  special  to  itself  for  the 
particular  purpose  to  which  it  is  adapted;  nevertheless, 
numerous  other  materials  can  be  used. 

A  malt-house  mav  be  constructed  in  almost  any  position, 
and  of  nearl;^  every  form  that  may  appear  to  suit  special  sites. 
A  right  consideration  by  the  architect  or  engineer,  when  he  is 
in  a  position  accurately  to  estimate  the  force  and  true  value  of 
the  conditions  which  have  been  specified,  would  prevent  the 
absurd  and  wastefal  structures  that  can  be  so  frequently 
encountered  in  all  parts  of  Europe,  in  which  malt  of  an  inferior 
character  is  necessarily  manufactured,  owing  to  the  impossi* 
bility  of  maintaining,  throughout  the  somewhat  lengthened 
process  of  making  malt,  all  or  perhaps  any  of  the  essential 
conditions. 

A  good  malt-house  of  fair  size  belonging  to  section  A  is  most 
conveniently  and  favourably  worked  if  it  consists  of  one  main 
bmlding  of  three  stories — two  kilns,  and  a  com  or  malt  store. 
If  adjacent  to  a  brewery  or  distillery,  the  basement  may  be 
used  as  a  cellar  or  bonded  warehouse,  and  power  may  either  be 
taken  from  the  brewery-  or  other  engine,  or  (preferably)  steam 
may  be  conducted  from  the  boiler  of  the  brewery  to  a  small 
separate  engine  fixed  in  the  malt-house.  If  the  building  is 
isolated,  then  a  small  and  separate  engine  and  boiler  are  desirable. 

Power  is  of  little  real  utility  in  any  malting  of  this  class 
steeping  less  than  400  quarters  per  month.  Those  steeping 
from  400  to  600  quarters  per  month  can  conveniently  be 
worked  by  a  gas  or  hot-air  engine,  but  every  malt-house  steep- 
ing 800  quarters  and  upwards  per  month  should  possess  steam 
power. 

Every  size  and  description  of  malting  belonging  to  sections 
B,  C,  and  D  should  have  power,  preferably  steam,  although 
some  very  large  houses  are  worked  by  manual  labour. 

Under  certain  favourable  conditions,  water-power  is  appli- 
cable, and  it  is  lamentable  to  find  in  how  very  few  cases  it  is 
utilised.  Hitherto,  engineers  have  been  called  almost  exclu- 
sively to  advise  upon  and  construct  the  motors  in  maltings, 
and  the  appliances  for  cleaning  or  moving  grain.  I'he  day  has 
at  length  dawned  when  their  opinions  and  advice  are  recognised 
as  of  distinct  value  in  other  departments,  more  particularly  as 
to  the  best  modes  of  securing  and  rightly  maintaining  the  con- 
ditions already  set  forth  as  necessary.  It  is,  theremre,  to  be 
hoped  that  an  industry,  which,  in  our  land,  has  remained 
almost  stationary  for  several  centuries,  wiU  feel  the  quickening 
impulse  of  well-trained  scientific  thought  directing  its  opera- 
tions, in  preference  to  the  rude  empirical  measures  that  until 
so  very  lately  pervaded  it. 

Section  A. — ^English  Malt-Housbs,  Old  Plan. 

Malt-houses  of  this  class  are  very  rarely  built  of  a  size 
smaller  than  what  is  technically  called  fifteen-quarters  steep, 
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i.  e,,  they  steep  or  wet,  every  three  and  a-half  or  four  days, 
fifteen  quarters  of  grain,  which  gives  a  capacity  of  120  quarters 
per  month  of  malt  made.  As  houses  of  this  character  usually 
work  for  only  seven  or  eight  months,  their  total  capacity  falls 
short  of  1,000  quarters  per  annum.  In  many  cases  houses  of 
this  size  are  worked  entirely  by  one  man,  who,  for  the  four 
summer  months,  commonly  follows  some  other  crait,  such  as 
thatching,  bricklaying,  or  the  like.  When  malting  commences 
in  October,  his  duty  is  to  receive  the  barley,  screen,  and  pass 
it  into  the  cistern,  steep,  couch  and  floor  it,  raise  to  the 
kiln  and  dry  it,  tread,  screen,  store,  again  screen  it,  and 
measure  into  sacks  for  use.  All  this,  involving  constant  atten- 
tion, skill  and  care,  is  performed  for  the  wage  of  from  14s.  to 
208.  per  week,  or  say  &om  £28  to  £40  per  annum.  The  value 
of  the  malt  made  on  an  average  would  be  over  £2,000.  The 
difference  in  value  of  such  malt  if  well  and  intelligently  made 
or  carelessly  attended  to  and  spoiled,  would  be  from  £200  to 
£500  or  more,  without  reckomng  the  loss  in  quality  of  the 
beer,  <kc.,  produced.  To  prevent  such  damage  and  loss,  and 
to  procure  the  greatest  aid  to  perform  properly  these  arduous 
and  onerous  duties,  it  is  necessary  to  see  to  the  following 
points : — 

The  house  should  be  of  strong  solid  construction,  and  consist 
of  two  floors,  or,  if  space  is  limited,  of  three  floors  and  a 
kiln.  The  shape  and  size  are  always  ruled  by  the  position  of 
the  house  and  the  nature  of  the  site,  but  they  should  rigidly 
follow  the  relative  proportions  that  experience  has  taught  to 
be  the  best  for  the  purpose  of  making  malt ;  that  is  to  say,  the 
length  of  the  growing-floor  should  always  exceed  the  breadth 
by  at  least  two  to  one. 

The  capacity  of  the  growing-floor  is  the  true  gauge  of  the 
power  of  the  malt-house,  and  every  measurement  of  all  other 
parts  should  be  calculated  solely  upon  such  capacity.  A 
nfteen-quarters  house  should  never  have  less  superncial  area  of 
combined  couch-  and  floor-room  than  2,600  feet  if  in  the  south 
of  England,  or  2,400  feet  in  the  north  of  England  or  Scotland, 
unless  any  exceptional  condition  of  altitude  or  position  affect 
the  mean  annusu  temperature  of  the  floor,  when  the  skill  and 
knowledge  of  the  engineer  would  regulate  the  areas  by  such 
information  and  data  as  he  could  secure  or  observe. 

A  seventy-five  quarters  house  is  the  largest  that  can  be 
properly  worked  upon  the  English  system  unless  there  are 
three  growing-floors,  although  some  of  much  greater  size  are 
working  with  results  that  are  supposed  to  oe  satisfactory. 
The  capacity  of  such  a  house  is  6,000  quarters  per  season. 
The  proper  area  of  growing-floor  for  seventy-five  quarters 
every  ttu^  and  a-half  days  is  not  less  than  12,000  feet,  and  in 
a  house  with  two  floors  it  follows  that  both  must  be  120  feet 
by  50  feet. 

Any  malt-house  working  upon  this  system  with  floors  of 
greater  breadth  than  fifty  feet  labours  under  defects  which  ere 
long  will  be  considered  Aktal,  for  it  is  difficult,  if  not  impossible, 
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rightly  to  regulate  the  temperature  of  the  com,  or  the  access  of 
fresh  air.  There  are  also  structural  difficulties,  which  become 
serious  defects  in  those  cases  where  imperfect  or  erroneous 
calculations  have  been  made  of  the  strain  produced  when  such 
a  house  is  fully  laden. 

It  cannot  be  too  often  impressed  upon  all  connected  with 
malting  in  any  way  that  one  of  the  prime  factors  in  making  good 
malt  is  heat,  and  the  manner  in  which  it  is  communicated  or 
absorbed  from  grain.  The  other  great  factor  is  the  air,  both 
in  its  quantity  and  quality.  Light  has  comparatively  little 
influence  ;  consequently,  if  a  floor  is  too  wide  it  is  simply 
impossible  to  control  the  air-supply  or,  indeed,  regulate  the 
heat  with  the  accuracy  and  uniformity  requisite  to  produce 
malt  in  the  best  manner. 

Throughout  the  whole  of  the  earlier  portions  of  the  processes 
of  malt-making  it  is  always  most  important  to  secnre  a  right 
supply  of  cool  moist  air  to  the  com  m  steep,  couch,  or  for  the 
first  seven  to  ten  or  more  days  of  its  growth  on  floor.  In 
small  maltings,  this  can  only  be  done  by  regulation  of  doors, 
windows,  and  shutters  ;  and  the  same  means  are  used  also  to 
assist  in  the  regulation  of  temperature.  In  fact,  these  agencies, 
coupled  VTith  the  shovel  and  the  particular  construction  of  the 
house,  are  the  only  ones  employed  in  the  vast  majority  of 
maltings  of  all  sizes  to  regulate  or  control  the  two  chief  con- 
ditions of  malt-making. 

When  convenient  and  practicable  the  growing-floor  should 
be  below  the  natural  ground-line  of  the  adjacent  soil  in  order 
to  secure  uniformity  of  temperature.  The  idea  has  struck 
many  minds  of  having  a  double  floor,  the  upper  one  of  some 
porous  material,  perforated  so  that  ready  circulation  of  air  may 
be  secured,  and  a  discharge  of  the  carbonic  acid  gas  generated 
by  germination.  It  is  now  being  worked  or  successftdly 
experimented  upon  in  several  places.  This  question  is  one  of 
great  interest  and  importance. 

Mr.  Flinn  (Bishop's  Stortford)  has  experimented  very 
successfully  upon  this  subject,  and  has  patented  his  inventions 
in  connection  with  it. 

Mr.  J.  Madocks,  of  Dartmouth,  has  also  worked  an  ordinary 
malting  with  a  second,  perforated  metal  floor  fixed  twelve 
inches  above  the  old  tile  floor.    This  has  acted  admirably. 

The  growing-floor  may  be  of  many  materials,  for  quite  a 
diversity  of  floors  are  used — ^probably  tiles  are  most  esteemed  ; 
then  cement  concrete  worked  to  a  good  face;  slate,  brick, 
asphalte,  clunch,  or  a  mixture  of  chalk  and  gravel  rammed 
to  a  hard  level  surface ;  York  or  other  hard  stone  set  in 
cement;  perforated  sheet  iron,  and  iron  tiles;  glass,  and 
wood. 

The  preference  for  hard  well-baked  or  unglazed  earthen 
tiles  is  one  which  must  be  more  or  less  erroneous.  Their 
supposed  merits  of  absorption,  and  subsequent  supply  of  mois- 
ture, and  of  forming  a  soft  bed  for  the  grain,  are  direct  evils 
capable  of  demonstration.    They  present  favourable  conditions 
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for  the  spread  of  deleterious  organisms,  and  for  this  fact  alone, 
if  for  nothing  else,  should  be  regarded  with  suspicion. 

Commonly,  also  tiles  are  improperly  laid,  and  as  a  result  the 
surface  of  the  floor  is  irregular  and  uneven.  As  a  consequence, 
when  the  young  floors  are  turned  or  ploughed,  some  grams  are 
generally  squeezed  or  broken. 

Glazed  tiies  have  this  defect  to  a  greater  degree  than  the 
porous  kinds,  and  they  have  not  the  supposed  virtue  of 
porosity. 

All  tiles,  if  used,  must  be  laid  diagonally,  and  should  be  set 
in  cement  with  great  care.  Attention  should  be  given  to  their 
thickness  and  density. 

The  form  of  floor  to  which  the  least  objections  are  urged  is 
Portland  cement.  If  this  material  is  good  in  itself,  and  rightly 
mixed  and  prepared,  it  decidedly  forms  the  best  floor  yet  in 
common  use. 

Portland  cement  to  be  good  should  weigh  not  less  than 
110  lbs.  per  strike-bushel  (imperial).  It  shoijld  not  be  stale  or 
old.  When  passed  through  a  sieve  having  fifty  wires  per  lineal 
inch  (2,500  meshes  per  square  inch)  not  more  than  twelve  per 
cent,  by  weight  should  be  detained,  and  it  is  better  if  ninety  per 
cent,  passes  through  the  sieve.  It  ought  also  to  stand,  VTithout 
fracture,  a  tensile  strain  of  at  least  300  lbs.  per  square  inch, 
within  ten  days  after  mixing. 

Any  cement  which  possesses  these  qualifications  can  be 
mixed  with  finely  broken  brick  or  burnt  clay,  clean,  sharp, 
small,  well-washed  ballast  and  sand,  and  sufficient  clean  water 
to  make  a  concrete  of  fair  consistency,  with  the  result  that  a 
splendid  floor  can  be  secured.  Great  care  and  skill  are  needed 
to  procure  and  select  these  materials  and  apply  them. 

If  the  cement  is  inferior  in  any.  point,  if  any  of  the  other 
materials  are  dirty  or  otherwise  imperfect,  if  they  are  used  in 
wrong  proportions,  or  if  they  are  not  worked  up  truly  and 
properly  before  setting,  an  imperfect  floor  must  be  the  result. 

A  bottom  floor  can  be  any  thickness,  exceeding  two 
inches,  that  the  circumstances  of  width  and  nature  of  soil 
require. 

An  upper  floor  should  invariably  be  upwards  of  four  inches 
thick  upon  close -lagged  centreing,  which  should  remain 
permanently,  if  the  pcurticular  construction  of  the  floor  per- 
mits it. 

Slate. 

This  material  is  often  used  for  growing-floors,  particularly 
upper  floors.  It  is  generally  fixed  in  large  thin  slabs  resting 
upon  wood  bearers.  Frequently  the  thin  slate  is  left  bare  on 
the  underside,  without  packing  or  lagging.  As  a  consequence, 
it  is  terribly  sensitive  to  fluctuations  of  temperature.  Even  if 
thick  slabs  are  used,  and  they  are  well  lagged  with  wood,  clay, 
or  concrete,  they  do  not  make  as  good  a  floor  as  cement,  and 
are  more  susceptible  to  differences  of  temperature  or  humidity. 
Germination  necessarily  suffers  from  these  differences. 
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Brick. 

Brick  floors  liave  all  the  faults  of  tiles,  and  in  most  cases  are 
less  desirable  than  either  tiles  or  slate.  Thin  bricks,  laid  flat, 
have  inevitably  an  irregular  surface,  filled  with  cracks,  and 
they  cannot,  as  a  consequence,  be  kept  clean. 

Asphalte. 

Many  varieties  of  asphalte  have  been  tried  for  floors,  but 
rarely  with  much  satisfaction  or  success.  For  some  reason 
difficult  to  understand,  barley  grows  irregularly  upon  asphalte, 
and  has  a  tendency  to  develop  the  plumme  improperly.  Young 
floors  also  mat  together  with  ^eater  celerity  upon  asphalte 
than  on  any  other  floor.  Were  it  not  for  these  defects  it  would 
be  equal  to  cement  for  smoothness,  cleanliness,  and  general 
utility. 

Clunch. 

In  chalk  districts,  floors  are  often  formed  by  mixing  small 
ballast  or  gravel,  and  chalk,  and  ranmiing  it  to  a  hard  smooth 
face.  Although  in  some  cases  this  seems  to  give  satisfactoiy 
results,  especially  when  sprinkling  is  properly  understood, 
this  mode  of  making  floors  cannot  be  recommended  in  new 
malt-houses. 

Stone. 

York  and  other  hard  stone  is  occasionally  fixed  for  floors.  In 
most  districts  the  cost  would  preclude  this  material.  Otherwise, 
provided  it  is  truly  and  properly  laid,  there  is  Uttle  objection  to 
its  use.  It  requires  to  be  set  in  cement,  and  should  always  be 
laid  diagonally. 

Irofi. 

Cast-iron  tiles  and  sheet-iron  plates  have  been  occasionally 
tried,  but  with  very  unsatisfactory  results,  excepting  in  those 
cases  where  a  double  floor  is  used,  with  an  air  space  between 
the  true  floor  and  the  growing  floor. 

In  this  position,  perforated  iron  sheets  give  very  excellent 
results.  Mr.  Madocks,  of  Dartmouth,  has  used  a  floor  of  this 
description  for  several  years,  and  the  com  has  grown  better 
than  upon  an  adjacent  cement  floor. 

Iron  is  too  good  a  conductor  of  heat  to  be  employed  as  a 
single  floor. 

Wood. 

Probably  wood  is  the  verjr  worst  material  of  all  for  floors. 
Frequently  in  houses  possessing  two  floors,  the  upper  one  has 
large  wooden  flaps  or  doors  for  the  ready  raising  of  the  grain. 
The  difference  they  cause  in  the  growth  is  clearly  perceptible 
in  many  cases.  The  less  wood  is  employed  on  growing-floors 
for  any  purpose,  the  better  in  every  way. 
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Glass. 

An  improved  form  of  glass  has  been  invented  by  Mr.  Sie- 
mens. This  is  as  tough,  hard,  and  cheap  as  cast  iron.  It  has 
not  hitherto  been  employed  upon  malting  floors  ;  but  it  would 
form  an  admirable  substance  to  demonstrate  Mly  and  con- 
clusively whether  or  no  an  absolutely  non-absorbent  substance 
is  favourable  or  otherwise  to  the  proper  germination  of  barley. 

In  the  construction  of  floors  it  is  always  desirable  to  make 
them  rounded,  and  possessing  a  sufficient  fall  to  enable  proper 
flushing  and  scrubbing  to  be  frequently  effected. 

Floors  are  made  entirely  of  iron,  wood,  brick,  and  concrete, 
in  many  combinations,  of  which  the  following  cuts  are  illus- 
trations : — 
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A.  This  is  an  economical  plan  of  construction.  By  it  the 
weight  of  upper  floors  is  kept  entirely  and  directly  upon  the 
columns.  The  underside  of  the  concrete  is  kept  flat,  and  the 
sustaining  irons  are  completely  embedded  in  the  concrete. 

By  the  plan  B  the  main  joists  are  embedded,  and  no  cross- 
irons  or  carriers  are  used. 

The  relative  cost  of  iron  or  concrete  rules  the  economy  of  one 
plan  over  the  other.  Neither  plan  is  applicable  to  all 
circumstances,  and  numerous  other  methods  of  construction 
are  followed. 

Upon  the  Continent  it  is  very  usual  to  find  the  growing-floors 
entirely  below  ground,  and  vaulted  over,  forming  deep  cellars. 
Care  is  taken  to  renew  their  air,  and  they  are  usually  kept 
scrupulously  clean  and  cool. 

Lighting. 

Ford  says  :*  **  Windows  should  not  be  glazed  (let  the  colour 
"  of  the  glass  be  what  it  niay)f  but  plain,  well-made  louvre- 
''  boards  to  fit  quite  close.    The  advantages  of  louvre-boards 


*  FoBD :  Malting  and  Brvwing,  p.    36. 
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'*  are  that  you  can  regulate  the  supply  of  light  and  air  to  any 
"  degree  required.** 

Scamell  says  :*  "  The  window  opening  should  he  fitted  with 
'*  shutters,  and  should  he  made  to  slide,  and  not  hang  with 
'*  hinges.  Opinions  differ  as  to  whether  the  openings  should 
"  be  ntted  with  glass ;  but,  on  the  whole,  it  appears  desirable, 
''  as  the  temperature  can  be  better  regulated  than  when 
**  shutters  only  are  provided.'* 

The  best  thing  is  a  combination  of  louvres  and  glass,  with 
shutters  sliding  at  the  backs  of  frames.  The  glazed  centre  is 
best  hung  upon  the  sill  of  the  frame  with  butt  joints,  so  that 
it  opens  downwards,  sloping  towards  the  roof.  By  these 
means  any  required  combination  of  air  and  light  can  be 
secured,  whilst  the  temperature  and  ventilation  can  be 
adequately  and  properly  controlled. 

The  colour  oi  the  glass  can  be  either  blue,  white,  or  yellow. 

If  gas  is  used  it  snould  have  fixed  burners,  that  cannot  be 
shifted.  A  powerful  reflector  should  be  placed  behind  each 
li^ht  to  direct  the  rays  in  the  required  direction,  and  surmounted 
with  conical  receivers  to  catch  all  fumes  and  heated  air, 
conveying  them  by  a  small  pipe  through  one  of  the  external 
walls. 

Gas  is  a  bad  artificial  Hght,  and  the  less  it  is  used  the  better, 
as  it  gives  a  larger  proportion  of  noxious  fumes  and  vapours  as 
the  products  of  its  combustion  than  any  other  of  the  ordinary 
sources  of  illumination.  These  prejudicially  influence  the 
green  or  germinating  com.  Candles  are  better,  but  unsafe,  and 
the  dropping  of  the  tallow  amongst  the  com  is  very  undesirable. 

Paraffin-  and  oil-  lamps  have  obvious  disadvantages,  and 
should  never  be  used. 

Undoubtedly  the  best  is  the  electric  light,  but  it  is  applicable 
to  large  maltings  only,  so  long  as  we  are  depending  upon  those 
methods  of  producing  and  regulating  electric  lighting  yet 
discovered. 

Cisterns. 

All  malt-houses  should  have  at  least  two  cisterns,  which 
should  always  be  at  the  end  opposite  to  the  kiln  in  a  single- 
floor  house,  and  in  a  two-floor  house  at  the  kiln  end,  so  that 
labour  may  be  saved.  These  should  invariably  be  so  placed 
that  entire  control  of  the  temperature  of  the  steep  U^uor  can  be 
secured,  as  temperature  has  great  influence  in  starting  growth, 
and  be  so  arranged  that  com  can  be  readily  screened  into 
them  when  fiUed  with  water  to  enable  the  thin  com  and  refuse 
to  float  off.  The  water  must  also  have  command  of  them,  so 
that  it  can  be  run  in  from  below,  and  overflow  at  top,  prior  to 
a  change  of  steep-liquor,  or  at  any  time  during  the  continuance 
of  steeping,  and  a  number  of  inlet-  and  outlet-  pipes,  all  fitted 
with  stramers,  should  be  fixed.  They  should  possess  in 
addition  a  series  of  perforated  pipes,  by  means  of  wnich  water 

«  Sgaxbxx  and  Coltsb.    Breweries  aod  HaltingB,  p.  108. 
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can  be  sprayed  or  sparged  over  the  com  like  a  shower  npon 
the  whole  surface  in  eqnal  volumes. 

The  coQstraction  of  the  cisterns  should  he  such  that  the 
disagreeable  labour  of  emptjring  by  shovels  should  be  obviated, 
for  the  grain  is  quite  ca^aole  of  running  down  to  the  growing- 
floor  if  the  cisterns  are  nghtly  placed.     (See  Fig.  9.) 

Cisterns  are  made  of  iron,  slate,  and  brick. 

Formerly  many  restrictioDB  upon  size,  shape,  and  position 
existed.  As  these  ate  now  all  removed,  we  can  disregard  them 
altogether,  and  adopt  that  shape,  material,  and  position  best 
calculated  to  do  the  work  rightly. 

If  a  malt-honae  is  worked  upon  the  old  plan  of  steeping 
once  every  four  days,  or  three  times  a  fortmgbt,  one  cistern 


Fio.  9. — Si^Bfora  CuiBUf,  Stom'  PAtriBit. 


aoffices ;  if  the  Stopes'  system  is  adopted — two  cisterns  are 
necessary. 

Upon  the  Continent  a  nnmber  of  small  wrooght-iroo  cisterns 
ate  generally  nsed.  This  is  an  excellent  plan  when  the 
different  growths  of  barley  are  kept  separated,  as  each  sample 
of  com  can  have  jast  the  length  of  steeping  it  reqtiires.  Whan 
com  ia  mixed  this  is  no  longer  necessary. 

Sqaare  cast-iron  cisterns  possessing  conical  bottoms  (see 
Fig.  9)  are  best.  These  shoiild  be  made  of  ample  dimensions 
to  admit  of  variations  of  dryness  and  size  of  barley  from  season 
to  season. 

Their  capacity  should  invariably  be  ample  to  steep  the 
ntmost  quantity  of  com  the  floor  can  possibly  grow  in  the 
coldest    weather.      Not    less    than  fourteen    cubic  feet    per 
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gaarter  steeped  shonld   be    allowed  when  calculating  their 
dimei 


The  great  majority  of  existing  malt-houaes  have  one  brick 
cistern  bnilt  at  one  end  npon  the  gronnd-floor.  These  are 
very  generally  rendered  in  cement,  ajid  provided  with  a  wooden 
or  stone  curb  in  &ont.  Some  have  leaden  coverings  or  pro- 
tecting aprons  to  the  front  wall. 

If  new  cisterns  are  boilt  in  brick,  it  is  desirable  to  nse  white 
glazed  or  enamelled  bricks,  set  in  neat  cement,  with  fine,  well- 
stmck  joints. 

Old  cisterns  are  generally  shallow,  with  a  good  margin  of 
depth  to  admit  of  swelling  of  grain,  &,c.  If,  in  dividing  them 
to  make  two  cisterns,  the  capacity  of  the  two  is  less 
than  the  growing-floors  or  kiln  con  work  properly,  little  objec- 
tion con  be  raised  to  heightening  the  walls  to  such  a  point  aa 
may  be  requisite. 

The  cross  wall  should  be  bnilt  in  cement,  and  care  mnst 
be  taken  to  tooth  or  tie  it  secnrely  to  the 
sides  of  cistern.  An  excellent  form  of 
construction  is  afi'orded  by  nse  of  the 
"  Hygeian  Bock  "  building  composition. 
Where  space  is  of  great  value  the  con- 
struction shown  by  Fig.  10  is  nsefal. 
This  gives  a  wall  of  snfficient  strength 
for  cisterns  of  common  width,  and  occu- 
pies nine  inches  only  of  the  steeping 
capacity.  This  construction  is  strong 
enough  for  nearly  all  cisterns. 

It  is  claimed  for  this  material  that 
it  is  damp-proof  ;  it  requires  no  skill  to  um™t. 

nse,  for  its  appUcation  is  so  simple  as  to 

be  within  the  comprehension  of  any  labourer  of  ordinary  intelli- 
gence, and  by  its  use  great  economy  can  be  effected. 

The  great  strength  given  to  masonry  or  brickwork  by  this 
material  is  indicated  by  the  following  experiments : — 

A  nine-inch  brick  beam,  four  courses  high,  six  feet  long, 
with  four  and  a-half  inches  bearing  at  each  end,  was  loaded  m 
the  centre  with  1  ton  1  cwt.  3  qrs.  3  lbs.  before  fracture. 

In  another  case  a  fourteen-inch  beam  of  the  same  length, 
height,  &c.,  and  same  bearings,  carried  2  tons  1  cwt.  3  qrs.  3  lbs. 
in  the  centre  without  exhibiting  the  slightest  sign  of  fracture 
or  deflection. 

Each  of  these  beams  had  suspended  6cwts.  and  12cwts. 
respectively  for  a  fortnight  previous  to  testing. 

Slate  is  more  rarely  used  for  cisterns,  although  it  is  an 
excellent  material  for  the  purpose,  particularly  if  lagged,  or 
otherwise  protected  against  variations  of  temperature. 

Kearly  all  existing  cisterns  are  constructed  so  that  no  pro- 
vision is  made  for  regulating  the  supply  of  air  to  the  com  wnen 
steeping,  or  the  temperature  of  the  hquor  when  applied  or  during 
the  steep. 

These  points  ore  too  important  to  be  left  to  chance.    It  is 
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also  desirftbla  to  have  the  liqooT  renewed  daring  steeping,  by 
sparging  or  sprinkling  over  the  top  in  a  fine  nniform  shower,  in 
preference  to  running  on  or  under  in  a  considerable  stream. 

Brick  or  concrete  ciatems  should  have  a  wide  central  channel, 
rcnning  their  fall  length.  The  top  of  this  channel  maat  be 
framed  to  receive  perforated  iron  plates,  or  tiles,  to  serve  as 
strainers.  Where  Both  cisterns  run  into  one  outlet  or  drain,  a 
pipe  from  one  cistern  can  be  laid  along  the  bottom  of  the 
channel  in  the  other  cistern. 

In  the  arrangement  and  construction  of  a  cistern,  all  the 
above  points  and  details  require  careful  attention  to  secure  the 
best  results. 

Several  kinds  of  valves  are  used  for  discharging  cisterns,  bat 
none  seem  so  simple  as  that  shown  in  Figs.  9  and  11,  designed 
by  me> 


Fio.  11. — DtaoHiBOB  Vu,n  rOK  ConcAi.  SrsH'.    Stom'  Pixnsjt, 


For  a  large  malting  a  storage  cistern  or  tank  should  also  be 
used,  of  sufficient  capacity  to  equal  at  least  two  or  three  steeps. 
This  should  be  fixed  at  a  proper  altitude  to  command  the 
cisterns  and  growing-floors  for  sprinkling  and  washing  down. 

If  a  separate  engine-  and  boiler-hoose  is  built,  such  a  tank 
conveniently  forms  its  roof,  and  it  is  on  excellent  device  to 
utilise  the  waste-  and  exhaast-steam  to  raise  the  temperature 
of  this  stored  liquor  in  very  cold  weather.  For  sprinkhiig  and 
steeping,  such  warmed  hquor  is  of  considerable  value  and 
ntihty. 

Couch-Frame. 

A  great  deal  of  time  has  been  spent  by  legislators  to  deter- 
mine the  right  size,  shape,  and  position  of  the  couch-frame. 
During  the  collection  of  the  duty  the  couch  played  a  very 
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important  part.  Happily  this  is  ended,  and  it  is  now  con- 
tended by  some  that  the  coach  is  no  longer  of  use  or  necessary. 

No  frame  for  couching  need  now  be  built  or  fixed,  if  it  is 
objected  to,  but  it  is  certainly  desirable  to  keep  the  grain 
heaped  as  in  couch  for  a  certain  time  before  opening-out  on 
floor,  as  exposure  to  the  atmosphere  is  neither  necessary  nor 
desirable  at  this  time. 

If  a  couch-frame  is  built,  the  old  plan  of  placing  cleaned-up 
deals  or  stout  wrought  boards  in  ^ooves  formed  by  sphnes 
affixed  to  walls,  or  cast  in  columns,  is  sufficiently  good  tor  all 
practical  purposes. 

Kilns, 

Comparatively  little  differences  of  size,  form  of  construction, 
or  use,  occur  in  all  ordinary  malt-houses  in  the  cisterns,  couch- 
frame,  or  floors. 

The  kiln  or  drying-house  is  a  building  in  which  the  con- 
ditions are  of  an  exactly  opposite  character  to  those  we  have 
been  hitherto  considering,  and  the  construction  of  kilns  has 
offered,  for  ages,  many  diversities  of  form  and  use. 

Heated  air  is  called  upon  to  dissipate  and  remove  so  much 
of  the  moisture  as  can  practically  he  removed  fr*om  maJt,  to 
stop  growth,  and  at  the  same  time  to  impart  characteristic 
flavours  and  .influences.  These  concern  the  brewer  chiefly, 
but  the  maltster  should  have  sufficient  knowledge  of  them  to 
enable  him  to  guard  against  the  errors  to  be  witnessed  in  so 
many  places. 

Eilns  should  also  be  used  for  sweating  or  drying  barley  prior 
to  steeping. 

Briefly,  the  kiln  should  ever  be  a  lofty  and  roomy  structure, 
preferably  of  brick,  with  a  high  roof  surmounted  by  a  cowl. 
Its  area  of  drying-floors  should  never  exceed  one-fourth,  or  be 
less  than  one-sixth  of  the  growing-floors,  nor  should  the  com- 
bined air-inlets  and  discharges  ever  bear  a  ratio  to  each  other 
exceeding  that  of  four  to  five.  Inattention  to,  or  ignorance  of, 
this  simple  fact  on  the  part  of  many  kiln-builders  has  caused 
an  enormous  waste  of  fuel,  and  damaged  immense  quantities  of 
malt. 

The  mode  of  construction  of  furnaces  of  kilns  may  vary 
widely,  and  upon  the  form  depends  the  area  of  grate-sumce. 

The  drying-floors  should  be  two  in  number,  placed  at  a  suit- 
able distance  apart.  The  lower  floor  should  have  its  distance 
from  the  furnace  regulated  by  the  construction  of  the  house — 
and  the  nature  of  the  malt  desired  to  be  produced.  In  altering 
old  kilns,  I  have  had  opportunities  of  trying  all  heights,  ranging 
from  5  ft.  6  in.  to  27  ft.  In  new  kilns,  the  right  limits  are 
from  12  ft.  to  18  ft.,  somewhat  ruled  by  utilisation  of  the  kiln 
as  a  malt-store.  No  fixed  rule  for  the  regulation  of  this  height 
has  yet  been  formulated. 

The  materials  with  which  kilns  have  been  constructed,  almost 
equal  in  diversity  the  variations  in  form  employed.  In  fact,  a 
large  volume  could  be  written  about  kilns  alone,  if  attention 
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were  paid  to  the  numberless  minor  differences  that  still  exist,  or 
have  been  tried,  at  various  times  during  many  centuries. 

The  subject  of  drying  malt  is  treated  at  another  place 
(Chi^.  XX.).  Accordingly,  we  at  present  confine  our  attention 
chiefly  to  the  construction  of  the  lain. 

Ordinary  furnaces  must  be  constructed  to  work  properly  and 
economically  in  such  a  way  as  to  bum  rightly  the  mel  generally 
used.  The  numerous  varieties  of  fuel  take  differing  volumes  of 
air.  Muspratt*  states  that  1  lb.  of  peat  requires  tor  complete 
combustion  134  cubic  feet  of  air  at  66^;  peat  charcoal  from  155  ft. 
to  228  fti. ;  brown  coal  (lignite)  139  ft.  to  220  ft. ;  ordinary  coal 
varies  from  170  ft.  to  280  ft.  Bichardson  gives  still  greater 
quantities  of  air ;  and  Begnaultt  states  that  1  lb.  coal  requires 
320  ft.  to  332  ft.  of  air ;  1  lb.  coke,  194  ft.  to  250  ft. ;  1  lb. 
anthracite  coal,  233  ft.  to  277  ft. 

One  of  the  most  common  defects  in  kilns  is  the  want  of  air- 
inlets.  No  provision  is  made,  in  many  cases,  for  any  supply 
from  the  outside,  and  all  that  reaches  the  fire  is  drawn  over  the 
floors,  or  finds  its  way  through  cracks  and  crannies,  furnished 
by  badly-fitting  doors  and  windows,  &c. 

The  theory  of  chimney-draught,  by  Mr.  W.  Bamet  le  Vau$, 
is  applicable  to  the  air-currents  in  kilns  when  properly 
constructed.  Kilns  with  large  outlet-openings  have  naturally 
the  upward  air-flow  materially  interfered  with. 

"  The  upward  movement  of  warm  air  and  gases  of  combustion 
in  chin[meys  is  caused  by  the  difference  in  density  of  the 
external  air,  and  of  the  enclosed  gases.  All  permanent  gases 
expand  0*0020284  (or  tVt)  of  their  volume  for  each  degree 
Fahr.  of  difference  in  temperature,  starting  at  0^  C,  or 
32°  Fahr.,  and  the  density  in  weight  ^er  unit  of  volume 
decreases  as  the  volume  increases — that  is,  if  the  volume  is 
doubled  the  weight  per  unit  of  volume  will  be  only  one-hsdf 
of  the  original  weight.  Suppose  a  tube  to  be  of  one  square 
foot  area  of  cross-section  vertical  and  100  feet  high,  filled  with 
air  of  the  same  density  and  temperature  as  that  surrounding 
it,  the  air-pressure  will  then  be  in  equilibrium  inside  and 
outside  of  the  tube,  namely,  14*7  pounds  to  the  square  inch, 
or  2116'8  pounds  to  the  square  foot,  which  is  the  pressure  at 
the  base.  All  gases  exert  pressure  equally  in  all  directions, 
so  that  the  downward  pressure  of  the  air  at  the  bottom 
of  the  tube  is  balanced  by  the  upward  pressure  of  the  sur- 
rounding air,  and  no  motion  will  ensue.  The  weight  of  a 
cubic  foot  of  dry  air  at  60°  Fahr.  is  532  grains;  or  the 
air  in  the  tube  (100  cubic  feet)  would  weigh  53,200  grains,  or 
7*6  pounds — that  is  to  say,  the  pressiire  per  square  foot  at 
the  top  of  the  tube  would  be  only  2116-8— 7*6  =  2109*2 
pounds,  the  force  with  which  the  enclosed  air  presses  upwards 
at  the  top,  and  is  balanced  by  the  pressure  oi  the  air  above, 
so  that  no  motion  will  ensue.  Kow  let  us  heat  the  air  in 
the  tube   from    60°   to    say  360°   Fahr.,    a   difference  in 

*  Ohemistry,  toL  ii.  p.  15.  t  AfmaUt  dei  M%n$9, 

X  iViM.  Franklin  Intt, 
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''  temperatnre  of  300°.  The  enclosed  volume  of  air  will  be 
''  expanded  to 

1  +  300  X  0-0020284  =  1-60852  volumes. 

**  The  actual  volume  in  the  tube  is  100  cubic  feet  expanded  to 
"  160-852  —that  is,  60-852  cubic  feet  will  be  ejected  from  the 
"  tube  by  the  force  of  expansion  of  the  heated  air,  but  the 
'^  weight  of  the  remaining  100  cubic  feet  of  air  in  the  tube  will 
"  be  only 

j:^=  4-714  pounds 

"  or  7-6—4-71=42-886  pounds  less  than  the  upward  pressure 
*'  of  the  surrounding  air  at  the  base.  The  heated  air  in  the 
"  tube  will  consequently  be  set  in  motion  upwards  by  this 
"  motive  force  of  2*886  pounds  by  the  cool  air  entering  under 
'Hhe  base.  This  is  the  i>rinci]ple  upon  which  the  so-called 
"  '  draught '  is  generated  in  chimneys,  which  in  reality  is  no 
'*  draught,  but  a  pushing  of  the  cold  air  under  the  fire-grate,  by 
*'  expansion  of  the  heated  air  which  drives  the  mixed  gt^es  of 
*'  combustion  up  through  the  chimney.  In  our  first  illustration 
"  the  cold  air  &om  underneath  the  tube  will  soon  drive  out  the 
**  heated  air  and  estabUsh  an  equilibrium  of  pressure  by  which 
'*  the  upward  motion  is  stopped.  But  in  afiimace  the  enclosed 
"  air  and  other  ^ases  are  continually  heated,  which  results  in  a 
"  continual  motion  upwards  in  the  chimney." 

In  practice  it  is  found  that  the  more  closely  a  kiln  resembles 
a  chimney  in  construction,  the  greater  is  its  effective  capacity. 
Consequently  the  tendency  has  been  constantly  to  increase 
height  of  kilns.  Had  kiln-builders  seriously  considered  the 
conditions  involved,  and  had  they  a  mere  smattering  of  know- 
ledge of  the  laws  ruling  those  conditions,  we  should  not  find 
so  great  a  number  of  absurdly  imperfect  kilns  still  working. 

Kilns  are  constructed  of  many  forms.  A  large  kiln  is  best 
square,  or  at  least  rectangular.  Small  kilns  can  be  circular, 
but  there  are  several  material  objections  to  a  round  kiln 
without  a  corresponding  number  of  advantages. 

Fig.  12  is  a  type  of  kiln  very  common  in  Great  Britain.  It 
is  sometimes  constructed  of  brick  throughout,  including  the 
roof.  More  commonly  it  has  a  tiled  or  slated  roof,  lathed  and 
plastered  inside.  The  furnaces  of  a  large  kiln  are  numerous. 
A  small  one  has  but  one  famace. 

These  are  of  the  simplest  type,  being  merely  two  plain  walls 
arched  over,  and  carrying  wrought  iron  bearers  supporting  the 
fire  bars.  Frequently  the  regulating  draught-holes  (F)  are  not 
built  in.  The  dunge  (G)  is  occasionally  made  of  concrete,  and 
is  used  as  a  coal-hole  or  fuel  store.  The  baffle-plate  (D)  is 
commonly  iron,  but  it  is  not  unusual  to  find  it  of  tile,  or  even 
clay,  tempered  upon  a  small  square  of  old  woven-wire  floor. 
Generally  kilns  of  this  class  have  far  too  many  windows  and 
doors  (H).  The  floor  (C)  is  built  at  all  heights,  ranging  from 
five  feet  to  twenty-nine  feet  above  the  fmnace,  and  is  of  tile, 
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iron  plates,  wire,  or  horse-hair.    The  cowl  (A)  is  very  common 


Fia.  12.— KiLzr,  Coiocon  Ttpb. 

to  kilns  of  this  class,  although  many  kilns  are  covered,  as 
Figs.  13  and  14. 

Many  others  are  left  quite  open  to  the  air,  as  Figs.  16, 16, 
and  17. 
Ford  says*  that    the  cupola  with  louvred  boards  is  most 


Fia.  13.— LouYBx 
OuTUR  TO  Ezur. 


Fio.  14.  ~ Flat  HnsK< 
BOOM  Top  to  Khjt. 


Fio.  16.— Ofbt  Odtlbi. 


imperfect,  and  modem  practice  quite  confirms  this.  Many 
kilns  are  still  working  which  are  quite  as  bad  as  the  case  cited 
by  him. 

Some,  as  in  Fig  17,  have  a  circular  opening  six  or  seven  feet 
across  entirely  uncovered. 

*  Praotioal  Treatiae  on  Halting,  p.  140. 
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All  kilns  of  this  class  were  originally  btdlt  with  one  drying- 
floor  only.  A  uomber  have  been  altered  to  the  Stopea'  syst^ 
with  considerable  benefit. 


Fta.  le.— Ofbn-tof  Eujt.  Fia.  n.—Orxs  Ciwniux  Bbiox  Ktcn. 


No  kiln  for  drying  malt  had  been  built  in  Britain  with  two 
drying-doors  ontil  1881,  when  the  first  was  tried  Bnccesaftilly 
at  Brighton    by  Messrs.  TampUn    and    Sons,    and    almost 


Pia.  IB.— WiBE  DunPATOB.  Fio.  19.— Sropm' 


contemporaneously  another  was  erected  at  Bishop's  Stortford 
by  Mr.  Flinn.  Another  kiln  was  designed  and  built  by 
Mr.  TomkinB,  for  drjdng  maize,  &,c.,  with  two  floors,  which, 
carionsly  enoagh,  was  done  in  entire  ignorance  of  the  other  two 
kilns,  nor  had  Mr.  Tomkins  seen  a  two  floor-kihi  npon  the 
Continent.    Doable  kilns  have  been  largely  osed  for  many 
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years  abroad,  but  none  in  the  maiuier  in  which  they  are  now 
working  exteoeiTely  in  Britain. 
In  a  Kiln  with  two  Aoofb  it  is  esaential  to  make  a  enfficient 


Fio.  20,— Sram'  IifPBom  Eilm. 

nmnber  of  holes  to  serve  the  double  par^se  of  forming  trapa 
or  diacharge-holeB  when  the  upper  floor  is  dropped  to  the  lower 
one,  and  also  to  regulate  the  relative  beats  of  the  two 
floors  by  means  of  the  dispersers  or  dissipatora  placed  over  each 
hole. 
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The  disperser  (see  Fig.  19)  ia  the  beat  for  this  purpoee,  as  it 
gives  effective  control  of  the  aecendiog  air,  and  when  lifted 
firom  the  discharge-hole  gives  the  entire  area  of  the  orifice  free 


Fio.  21.-Botle'i  Cowl. 


&om  obstmction.     Another  disperseT  is  occasionally  used,  see 
Fig.  18. 


Fio.  21.— Rskkdt  Cowl.. 


A  kiln  which  gives  most  satisfactory  results  in  every  way  can 
be  built  as  shown  by  Fig.  20. 
A  Boyle  (as  Fig.  21)  or  Kirton's  "  remedy"  cowl  (as  Fig.  22) 


HALT  Ain>  HALTING. 


can  be  advantageously  employed  in  some  cases  instead  of  the 
conunoD  form  in  general  use. 

If  it  is  requisite  to  atilise  space  to  the  utmost  extent,  a 
desirable  form  of  conBtmction  is  shown  by  Fig.  23. 

By  this  plan,  in  a  kiln  say  thirty  feet  sqo&re,  it  is  possible  to 


Fro.  33.— Halt  Knjt. 


secTire  a  hot  dry  malt-store  capable  of  holding  600  to  800 
qnarteiB  matt.  This  plan  has  been  in  satisfactory  ase  for  many 
years. 

A  kiln  of  excellent  design  in  many  respects  was  patented  in 
Britain  by  Mr.  Free.  This  kiln  baa  a  number  of  good  qoatities, 
especially  in  relation  to  height,  draught,  &c.  So  great  indeed 
is  the  latter,  in  many  cases,  that  the  temptation  to  overload  the 
floors  has  posaibly  ensned.  The  distribation  of  beat  is  effected 
in  a  special  chamber,  throagh  which  a  series  of  brick  flaea  is 
disposed,  regulated  by  dampers,  &c. 
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Another  kiln  is  patented  by  Mesflrs.  Tomkins,  Courage,  and 
Gracknall.  The  advantages  claimed  for  this  kiln  are  {see  Fig. 
l,p.  44): — 


Fia.  24.— Ctuvsib  Eiut. 


"  The  prodactB  of  combastion  do  not  pass  through  the 
"  material  being  dried.  [A  qnestioDable  benefit  for  melt.   H.S.] 

"  Malt  can  be  dried  at  higher  temperature  than  heretofore — 
■'  sa^  230°  to  240°  Fahr.,  producing  greater  soondneas  in  beers 
'  mthont  imparting  colour  to  ales. 
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"  The  axrangement  of  fines  produces  a  very  rapid  draught, 
"  carrying  away  moisture  as  quickly  as  thrown  off. 

"  Coal-dust  or  any  kind  of  fuel  can  be  used,  ba  the  products 
''  of  combustion  do  not  in  any  way  come  into  contact  with  the 
*'  material  being  dried. 

"  There  is  great  saving  of  time  in  drying,  owing  to  the  rapid 
"  draught. 

"  Men  can  work  on  the  kiln-floor  at  230°  to  240°  Fahr., 
''  which  has  hitherto  been  impossible,  owing  to  their  having, 
''  under  the  old  system,  to  inhale  the  sulphurous  fumes  and 
"  work  in  a  slow  draught,  which  is  injurious  to  health  even  at 
"  low  temperatures. 

"  The  draught  can  be  regulated  to  a  nicety  by  opening  or 
"  shutting  the  dampers.'' 

The  temperature  named  (240°)  is  not  greater  than  that 
obtained  upon  any  good  double-floor  kiln,  and  the  effects  of 


TiQ.  26.— Fasoot  Kzlv. 

drying  malt  with  heated  air,  excluding  the  products  of 
combustion,  have  not  yet  been  successful,  so  far  as  1  have  ever 
heard. 

The  kiln  very  largely  in  use  abroad,  known  as  a  cylinder 
kiln,  is  of  some  interest  (Fig.  24). 

The  illustration  requires  little  explanation.* 

The  furnace  rises  as  a  large  cylinder  of  cast-iron,  closed  at 
top,  which  does  not  admit  of  the  products  of  combustion 
coming  into  contact  with  the  malt,  the  flue  bein^  carried  in  a 
side  wall  up  to  the  outlet-pipe.  The  inlet-pipe  is  of  excellent 
construction. 

Numerous  efforts  have  been. made  to  dry  malt  more  speedily 
by  driving  larger  volumes  of  air  through  it  by  the  aid  of  fans. 

The  Farcot  Kiln  (Fig.  25)  illustrates  one  method  of  accom- 
plishing this. 

M.  Farcot  places  the  furnace  of  the  kiln  in  an  enclosed 

*  For  fuller  desoriptioii  of  oontineiital  kUns,  see  Teaxtsiho,  Preparation  of  Malt 
and  Fabrioation  of  Beer. 
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chamber,  conatnicted  bo  that  the  Bapply  of  air  can  only  enter 
through  the  apertures  constracted  for  the  purpose.  The  air  is 
drawn  from  the  exterior  by  a  Farcot  fan,  and  caoseB  a  certain 
amoont  of  pressure  in  the  beating  chamber  at  the  bottom  of 
the  kiln.  Connected  with  the  heating  chamber  is  another  fan, 
driven  by  power.  In  the  centre  is  the  ftim&ce,  in  which  coke 
is  bomed.  The  entrances  to  the  chamber  are  hxed  so  that  the 
pressure  of  air  within  it  can  be  maintained  at  any  required 
degree.  The  air-apertnreB  are  arranged  and  fitted  with 
controlling  slides ;  the  chamber  itself  is  made  sufficiently  large 
not  to  obstruct  in  any  way  the  working  of  the  kiln,  or  the 
furnace,  and  the  management  of  the  regulating  dampere.  The 
air  collected  in  the  heated  chamber  passes  throagh  passages 
into  another  chamber  situated  above  the  furnace,  where  it 
mixes  with  the  products  of  combuBtion.    As  the  admission  of 


no.  26.— Biacuux  Ajb-Pbopsuu. 


air,  by  aid  of  the  ventilators,  can  always  be  kept  under  complete 
control,  it  is  easy  to  regulate  the  temperatures  with  exactitude. 
A  distributing  plate  placed  oyer  the  passage  &om  the  famoce 
prevents  the  air  &om  escaping  directly  into  the  central  chimney, 
and  causes  it  to  be  distributed  equally  under  the  whole  of  the 
kiln-floor.  These  kilns  ore  constructed  with  either  one  or  two 
drjdng-floors. 

The  mixture  of  gases  maintain  a  pressure  within  the  whole 
of  the  kiln,  greater  than  that  of  the  atmosphere,  and  thns 
prevent  the  external  air  &om  entering  at  any  point.  As  this 
pressure  can  be  regulated  at  will,  it  follows  that,  by  producing 
a  more  or  less  rapid  current,  the  drying  of  the  malt  can  be 
hastened  or  retarded  as  the  circumstances  of  the  case  require. 
By  tbuB  employing  a  current  of  air  under  pressure,  as  large  a 
quantity  of  air  can  be  admitted  into  the  kiln  as  is  thought 
desirable,  for  there  is  no  difficulty  in  the  matter  of  obtaining  a 
draught,  which  is  sometimes  the  case  in  ordinary  kilns.     The 
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kiln  is  enclosed  by  a  dome,  and  provided  with  a  shaft,  through 
which  a  downward  current  is  established  by  the  aid  of  anotitier 
suction-fan.  In  some  cases  it  is  found  preferable  to  arrange 
chimneys  at  the  four  comers  of  the  kiln,  the  openings  to  which 
are  inmiediately  above  the  upper  floor.  It  is  claim^  that  any 
existing  kiln  can,  without  much  difficulty,  be  altered  and  fitted 
with  the  Farcot  system  of  ventilation. 

The  same  effect  is  produced  more  easily  and  simply,  and  with 
the  employment  of  much  less  power,  by  the  Blackman  Air- 
Propeller  (Fig.  26). 


Fm.  27.— KzLH  wixH  Bulokjux  Fav  asvumd. 


The  application  of  this  fan  to  kilns  is  shown  by  Fig.  27. 

This  mode  of  drying  maJt  is  in  use  in  America. 

The  fans  used  in  maJt-kilns  are  generally  placed  at  the  base 
of,  or  within,  the  cupola  or  air-shaft,  and  made  to  revolve  hori- 
zontally. Owing  to  the  position  of  the  blades,  their  revolutions 
exert  a  strong  lifting  force,  drawing  the  air  up  and  out  of  the 
air  shaft,  thus  producing  a  partial  vacuum.  The  natural  pres- 
sure of  the  air  entering  cold  air-boxes  tends  to  force  it  up 
through  the  malt  to  fill  uiis  vacuum.  The  advantages  claimed 
for  this  method  of  drying  are : — 
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1st.  The  fan  assists  the  natural  upward  tendency  of 
heated  air. 

2nd.  It  causes  a  uniform  draught,  perfectly  independent  of 
atmospheric  conditions. 

8rd.  It  sdlows  the  use  of  less  heat,  making  paler  and  softer 
malt. 

4th.  It  effects  a  saving  of  fuel  and  time. 

The  too  rapid  drying  of  malt  is  undesirable,  and  numerous 
methods  of  drying,  that  have  been  suggested  and  tried,  have 
failed  to  yield  satisfactory  results. 

One  of  the  most  rapid  plans  was  that  patented  in  1880  by 
Beynolds. 

'*  It  is  claimed  for  this  kiln  that  the  construction  is  very 
simple,  giving  perfect  facility  of  management,  and  that,  without 
interfering  with  other  arrangements,  it  may  readily  be  adapted 
to  present  malting,  or  be  erected  in  any  ordinary  building. 
Skilled  labour  is  dispensed  with,  weather  or  chmate  exercises 
no  influence  on  its  operations,  while  a  plumper  and  more 
evenly-dried  malt  is  produced  in  a  few  hours  than  has 
hitherto  been  accomplished  in  days.  The  moisture  in  the 
grain  is  gradually  but  effectually  extracted,  while  there  is  no 
possibility  of  the  malt  getting  kiln-dried  or  burnt,  notwith- 
standing that  it  is  cured  at  this  extraordinary  rapid  rate,  and 
in  a  temperature  hitherto  unapproached  for  the  purpose.  The 
whole  process,  from  first  to  last,  is  under  the  most  perfect  and 
easy  control,  while  the  malt  is  open  to  inspection  throughout 
the  operation,  one-half  of  each  tray  being  always  exposed  to 
the  cool  air.  There  is  no  uneven  drying,  and  in  less 
than  ten  hours  a  malt  is  obtained  perfectly  and  uniformly 
cured,  each  individual  com  having  received  the  ^ame 
regular  heat  throughout  the  operation.  The  following 
experiment  shows  its  working: — ^At  half-past  ten  in  the 
morning  the  malt  was  duly  placed  in  the  trays,  and  the 
operation  commenced,  when  the  temperature  was  taken,  and, 
gradually  increasing,  was  timed  as  follows : — 11.15  a.m.,  130°; 
11,45  a.m.,  135°;  12.15  p.m.,  140°;  1p.m.,  144°;  2  p.m.,  152°; 
2.30  p.m.,  160°;  2.45  p.m.,  164°;  3.15  p.m.,  168°.  This  last 
heat  was  maintained  until  4.30  p.m.,  by  which  time  the  malt 
had  become  dry,  crisp,  and  sweet  to  the  palate,  in  addition  to 
which  the  rootlets  had  all  dropped  off,  and  the  malt  presented 
an  excellent  sample  of  finished  grain,  the  result  of  only  six 
hours'  drying.  On  analysing  a  sample  of  this  malt  it  was 
found  to  retain  only  6.86  per  cent,  of  moisture  after  that 
brief  curing,  while  subsequent  tests  as  to  its  soundness  justify 
the  belief  that  there  is  no  more  probability  of  its  ultimately 
going  slack  than  in  the  case  of  kiln-dried  malt.  The  saving  it 
effects  in  fael  alone  is  quite  40  per  cent.,  and  the  cost  of 
labour  is,  comparatively,  reduced  to  a  bagatelle." 

Numerous  kilns  have  been  tried  containing  four  or  more 
drying-floors.  This  was  suggested  in  Britain  by  P.  Stead,  who 
patented  a  kiln  possessing  a  series  of  drying-floors,  Sept.  22, 
1842,  No.  9475.    This  same  patent  also  covered  the  use  of  fans 
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or  other  blowing  engines,  not  only  in  kilns,  bat  on  doable 
growing-floors  also. 

Ad  American  kiln,  tbe  Wheelwright  kiln.  Fig.  28,  will 
sofficiently  illustrate  this  type.  It  is  claimed  for  this  kiln  that 
it  is  automatic,  and  does  away 'with  the  labour  in  taming  malt 
on  the  kiln.  More  than  half  the  fiiel  is  saved.  It  will  diy 
malt  in  leas  than  twenty  hours  without  making  it  flinty  or 
dark.  The  malt  will  be  more  uniformly  and  evenly  dried.  It 
will  clean  malt,  taking  out  all  the  dust  and  rootlets  while 


Fio.  2H.— Wbbelwuiobt  Kjlk. 

drying,  or  if  desired  they  may  be  left  in.  The  kiln  may  be 
located  either  inside  or  outside  of  the  malt-house.  It  is  more 
compact,  requiring  only  about  one-foarth  as  much  room  as  tbe 
old  style  of  ktlns.  i„ir-  ■  ■ 

Very  nuuieroas  designs  for  kilns  with  any  namber  of  floors 
have  been  made,  but  they  all  labour  under  the  fatal  objection 
that  the  relative  heats  apon  the  various  floors  cannot  be  rightly 
regulated. 

The  Qecmen  kiln  (Fig.  29)  is  in  use  in  many  places  on  the 
Continent  and  in  America. 
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The  namber  of  floors  employed  ranges  from  four  to  twenty. 
Tbey  consist  of  a  seriea  of  gutters  of  small  size,  made  of  per- 
forated sheet  iron,  and  bo  fixed  that  they  can  be  mode  to  tilt 
over  easily.  Tbey  are  generally  attached  to  each  other  so  that 
by  moving  a  lever  a  whole  piece  can  be  thrown  down  npon  the 
floor  immediately  below  it. 

As  the  whole  time  of  drying  npon  these  kilns  is  from  eight 
to  twelve  hours,  it  follows  that  the  malt  rests  for  very  short 
periods  npon  each  floor,  and  turning  is  very  frequent. 

The  bottom  floor  drops  upon  a  self-emptying  hopper,  so  that 
the  labour  for  working  a  kiln  npon  this  plan  is  very  small. 

This  kiln  dries  forty-five  quarters  of  malt,  per  ton  of  coal 
burned. 

Numerous  other  kilns,  embracing  the  same  principles  of 


drying,  have  been  invented,  but  it  remains  yet  to  be  proved 
that  they  possess  any  distinct  advantage  over  the  ordinary  open- 
fire  kiln. 

In  a  very  large  malt-house  in  America  belonging  to  Ph. 
Best  Brewing  Company,  Milwaukee,  the  kilns  have  Toepfer's 
dumping-floors.  Each  kiln  has  four  floors,  which  are  dis- 
charged in  the  manner  shown  by  Fig.  30.  The  time  taken  to 
discharge  600  bushels  of  malt  from  one  fioor  to  another  by  this 
arrangement  is  five  minutes. 

Another  form  of  kiln  has  been  invented  and  patented  by 
Seagrave  and  Bevington. 

This  kiln  is  practically  an  air-heater.  It  can  be  arranged  to 
incorporate  the  products  of  combustion  or  supply  pure  hot  air 
at  will. 
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An  endless-band  kiln  has  been  invented  and  patented  by 
Messrs.  Gillman  and  Spencer.  It  is  used  by  them  to  dry 
gelatinised  com,  and  answers  its  purpose  admirably. 

In  the  constmction  of  kilns,  the  mode  of  loading  the  green 
maJt  and  dischar^ng  it  when  finished,  is  of  some  importance. 

In  the  vast  majority  of  malt-houses,  especially  of  small  size, 
the  height  of  the  floor  above  the  furnace  is  inconsiderable,  and 
it  has  been  the  custom  to  load  or  throw  in  the  malt  with  a 
shovel.  When  the  height  is  increased,  and  another  floor  is 
also  added  to  the  kiln,  it  is  rarely  possible  to  continue  this 
practice,  and  the  green  malt  has  to  be  hauled  up  in  baskets  by 
some  simple  form  of  windlass,  or  some  other  plan  has  to  be 
adopted. 

Tne  use  of  ordinary  grain-elevators  for  green  malt  is  objec- 
tionable, for  several  reasons.  Dragging  in  on  sacks  is  bad. 
Throwing  in  by  shovels  is  often  impracticable.  Carrying  in 
baskets  should  be  avoided  unless  the  baskets  used  are  small. 

The  best  plan  yet  devised  is  an  endless  belt  of  indiarubber, 
which  should  be  adopted  in  all  cases  where  practicable. 

For  discharging  dry  malt  an  endless  worm-conveyor  or  a 
chain-elevator  can  be  employed,  depending  necessarily  to  some 
extent  upon  the  relative  levels  of  floors  in  kiln  and  store. 

Boof. 

The  construction  of  the  roof  is  of  ^eat  importance,  as  very 
much  depends  upon  it.  If  the  shape  is  not  good,  the  drying  of 
the  malt  is  affected.  If  it  is  not  massive  and  strong,  it  occasions 
trouble.  If  it  is  thin,  it  condenses  the  steam  within.  If  it  is 
badly  plastered  or  boarded,  it  is  a  frequent  source  of  expense. 

Cross-timbers  are  objectionable,  and  can  in  most  cases  be 
avoided. 

Light  rafters  should  not  be  used,  and  in  no  case  should  they 
be  left  naked. 

Lath  and  plaster  is  the  best  inner  skin,  and,  where  convenient, 
the  purlins  also  are  best  plastered.  The  tops  of  the  rafters 
should  have  good,  well-seasoned  inch-and-quarter  boarding 
securely  nailed  to  them. 

If  this  boarding  is  ploughed  and  tongued,  the  expense  is 
amply  repaid  in  after  use.  Upon  this,  good  felt  should  be 
fastened.  Then  the  slates  should  be  nuled,  with  extra  stout 
and  double  copper  nails,  not  to  the  boards,  but  to  ordinary  slate 
battens  nailed  above  the  felt.  This  gives  a  roof  about  which 
no  complaint  can  be  raised  excepting  first  cost. 

Slates,  then  an  air-space,  felt,  close  boards,  and  a  second  air- 
space, with  good  plaster  free  from  every  obstruction  below, 
make  a  roof  mr  cheaper  at  the  end  of  seven  years'  use  than  the 
trashiest  roof  ever  designed.  A  (question  of  great  practical 
difficulty  to  determine,  is  the  right  lining  for  the  inner  face  of 
roof.  Match-  or  other  lining  decays  speedily,  and  all  exposed 
surfaces  of  timber  are  also  rapidly  affected  by  the  heat  and 
vapour.     Hair-mortar,  cement,  or  any  other  plaster  speedily 
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loses  its  key  and  drops  off.  The  only  exception  to  this  is  the 
plaster  made  with  Blue-Lias  lime,  burnt  m  the  Easton  Pits, 
Stamford.*  This  is  worth  the  extra  cost,  as  it  stands  for  many 
years,  when  once  properly  applied.  It  has  been  used  for  a  long 
time  by  many  of  the  best  maltsters  of  the  Midland  counties 
and  elsewhere.  This  lime,  well  made,  with  an  extra  allowance 
of  cowhair,  makes  the  nicest  and  best  surface  for  kiln  use,  and 
is  the  most  durable  roof  I  have  yet  seen. 

Drying-Floors, 

All  malt  kilns  should  possess  two  drying-floors.  These  are 
commonly  made  of  a  diversity  of  materials  and  fixed  in 
numberless  ways.  Thus  there  are  earthen  tiles  of  several 
makes,  cast  iron  tiles,  perforated  sheet  iron,  woven  and  twisted 
wire,  and  woven  horsehair.  The  Herrmann  wire  forms  a 
singularly  strong  and  level  floor,  which  permits  of  the  greatest 
area  possible  for  the  free  passage  of  ascending  heated  air.  It 
is  very  durable,  and  incapable  of  getting  out  of  repair,  and 
never  damages  the  most  tender  or  friable  malt  by  inequalities 
of  surface.  The  chief  objection  to  woven  wire  is  its  compara- 
tive fraUty.  It  is  very  largely  used,  and  is  much  liked  by  some. 
Earthen  tiles  are  hked  by  many  eminent  maltsters  and  others, 
chiefly  because  they  are  supposed  to  be  capable  of  regulating 
the  temperature  of  the  air,  which  follows  the  intensity  or 
dulness  of  the  fire.  The  tiles  naturally  absorb  or  give  out 
heat  relatively  to  these  changes.  One'  objection  to  their  use  is 
the  small  free  area  of  holes,  and  the  wide  margins  entirely 
blocking  the  passage  of  air.  In  nearly  all  cases  they  are 
roughly  fixed,  so  that  when  shovelling  green  malt  upon  them, 
many  kernels  are  broken  or  damaged.  Of  iron  tiles  still  more 
may  be  said,  as  they  possess  nearly  all  the  defects  already  set 
forth,  without  one  of  tne  supposed  advantages.  Their  sole  merit 
is  that  they  do  not  break  readily. 

The  Herrmann  patent  wire  is  made  in  two  forms.  The 
round  section.  Fig.  31,  was  first  used,  and  was  for  some  years 
much  esteemed. 

A  new  invention  of  wedge  section  is  much  better  than  the 
round.  This  vnre.  Fig.  32,  possesses  the  very  distinct  advan- 
tages of  a  flat  top-sunace,  greater  area  for  the  passage  of  air, 
together  with  a  larger  amount  of  wire  per  square  foot,  disposed 
in  the  position  of  greater  strength. 

The  chief  disadvantages  of  this  floor  are  its  apparently  large 
cost  and  the  difficulty  of  getting  it,  in  consequence  of  the  large 
demand.  The  true  relative  cost  is,  however,  to  be  estimated 
by  the  value  of  the  material  supplied  plus  its  effective  use. 
Judged  by  these  considerations,  the  Herrmann  floor  is  best 
and  cheapest. 

A  square  foot  of  wedge-section  Herrmann  wire  weighs 
7i  lbs.,  which  is,  compared  to  perforated  plates  or  woven  wire» 
relatively  very  much  greater.    This  wire  is,  however,  com- 

*  WoAad  bj  Moans.  Burowi  ftnd  Higgi. 
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posed  of  Bessemer  steel  of  fine  temper  to  ataad  the  pressaie 
of  the  hydraulic  presses  in  a  cold  state,  which  give  it  its  form. 
The  air  space  exceeds  thirty-seven  per  cent,  of  the  total  area. 
The  wire  is  made  in  strips  of  varying  width,  generally  from 
thirty  to  thirty-six  inches,  and  of  the  len^h  or  breadth  of  the 
kiln  to  which  a  floor  is  to  be  added.     Single  strips  npwards 


of  fiftf  feet  long  are  ponderous  to  handle,  and  require  care  and 
expenence  to  fix  them  easily  and  well. 

This  wire  is  always  supported  apon  thin  bars  on  edge  of  a 
section  of  IJ"  x  A"  to  2"  x  n">  which  are  stayed  and  bolted 
together  at  suitable  intervals  and  inserted  into  the  walls  at 
each  end.  These  in  turn  rest  upon  main  carrying  joists  or 
beams  properly  fastened  to  the  opposite  walls. 
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A  form  of  floor  similar  in  some  respects  is  in  ase  in  America. 
It  is  called  the  "Perfection"  malt  kiln  floor,  patented  by 
Mr.  F.  W.  Wolf.  This  also  makes  a  splendidly  strong  and 
level  sorface  apon  which  to  dry  malt. 

PnDctured  or  perforated  sheet-iron  was  formerly  nsed  to  a 
considerable  extent  in  kilns  for  drying  floors.  Unless  per- 
forated as  fully  as  Madocks'  patent  it  has  little  to  recommend 
its  use.  This  form  of  floor  is,  however,  capable  of  beDeficial 
use,  and  it  is  claimed  by  Mr.  Madocks  that  it  is  very  durable, 
and  has  a  sufficiency  of  air-space  for  all  practical  purposes. 

In  these  plates  there  are  generally  729  holes  per  square  foot, 
each  an  eighth  of  an  inch  in  diameter.  This  accordingly  gives 
five  per  cent,  effective  air  space  and  ninety-five  per  cent, 
heating  snr&ce. 


Fia.  S3.— WoLF'e  Wiss  Floob. 


FlO.  34.— WOTIIC-WIBB  Flook. 


Woven  wire  has  been  very  extensively  adopted  for  floors.  It 
is  comparatively  cheap,  and  if  properly  cared  for  is  very 
durable.  It  is  ordinary  round  or  square  wire  of  &om  twelve  to 
sixteen  B.W.G.,  woven  in  a  loom.  (See  Pig.  34.)  It  is  made 
in  rolls  of  varying  width,  and  of  any  required  length.  It  is 
attached  to  the  wuls  of  the  kiln  in  several  ways,  of  which  the 
simplest  is  shown  by  Fig.  35. 

The  wire  is  commonly  drawn  tight  by  bolts  passing  through 
the  walls  of  the  kiln,  and  is  generally  sufficiently  strong  to 
carry  the  weight  when  loaded,  especially  in  medium  sized  or 
small  kilns.  It  is  never  desirable,  however,  to  leave  the 
bearers  out ;  these  are  commonly  small  round  rods  of  from  half- 
inch  to  one  inch  in  diameter,  which  in  torn  rest  upon  stifiF 
cross-plates  or  girders.  Very  frequently  cast-iron  grids  or 
gratings  are  employed  as  bearers  to  wire-floors,  and  these  are 
variously  supported.  As  in  time  even  the  best  floors  drag  down 
to  the  bearers,  the  use  of  cast  grids  is  fraught  with  danger  to 
the  wire,  chafing  upon  the  sharp  rough  comers.  Consequently 
they  are  improper  tor  such  a  purpose. 

The  best  form  of  woven  wire  is  made  in  America  and 
Qermauy.  It  is  there  called  rolled  wire-cloth,  and  has  a  much 
better  and  smoother  surface  than  English  woven  wire.    The 
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coDBtraction  and  meiita  of  this  cloth  ore  shown  by  Figs.  36 
and  37. 

The  join  in  this  cloth  is  effected  in  a  very  neat  and  simple 
manner.  (See  Fig.  37.)  Woven  wire  is  commonly  laced  together 
with  fine  binding-wire. 

Wire  floors  of  all  kinds,  if  well  and  properly  laid,  are  very 
durable  when  duly  cared  for.  They  last  ver^  many  years. 
Their  distinctive  advantages  are  the  very  great  air-surface  they 


FlO.  3fi.— UODI  OF  FtXlNO  WlRB  Floox. 


afford,  and  their  smoothness.  Stout  woven  wire  offers  fifty 
per  cent,  of  air-space  to  fifty  per  cent,  of  metal.  It  contains 
about  thirty-five  holes  per  square  inch.  Thin  woven  wire  contains 
as  many  as  fifty  holes.  Such  wire  is  naturally  more  quickly 
destroyed  by  damp  than  the  stouter  kinds.    No  real  benefit  is 


Fio.  37. — Bbctiom  op  Bollbd  Wiaa  Cloib. 

derived  from  the  use  of  too  many  holes,  provided  they  are 
equally  distributed. 

Tiles. 

Many  malt-kilns  are  fitted  with  tiles.  These  are  perforated 
earthenware  or  cast-iron.  The  manufacture  of  earthen  kiln 
tiles  has  been  brought  to  great  perfection ;  they  are  both 
glazed  and  ungla^ed ;  generally  about  twelve  inches  square, 
and  nearly  two  inches  thick.  The  greatest  amount  of  air 
space  with  maximum  strength  is  attained  by  making  round  or 
hexagonal  holes  of  considerable  size  nearly  throogn  the  tile, 
and  then  pricking  in  a  bunch  or  cluster  of  small  holes  in  the 
crown  of  each  hole  or  cell.     (See  Figs.  38  and  39.) 

Earthen  tiles  are  usually  rather  bnttle,  and  consequently  get 
broken.  To  prevent  this  they  have  been  made  of  cast-iron  for 
upwards  of  a  century.  The  merit  of  tiles  is  their  retention  of 
heat.  This  cannot  apply  to  cast-tiles,  which,  however,  excel  in 
strength. 
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Cast'iron  Tiles. 


These  are  bHU  employed,  and  are  approved  by  Domeroos 
DBerB.  Cnrionsly,  they  were  patented  November  14th,  1783, 
by  one  Bichard  Clarke  (No.  1395).      They  are  thaa  described: 

"  The  preaent  invented  plates  being  made  of  cast  metal  iron, 
"  reqaire  less  fire  and  retain  the  heat  longer  than  those  mc^e 
"  of  tile  or  hot  clay.  They  may  be  made  sqnare,  or  oblong,  or 
"  any  other  shape  by  which  they  mayjoin  and  be  close  to  each 
"  other,  and  of  each  size  and  dimensions  as  the  purchaser  may 
"  think  proper.  These  plates  have  a  greater  or  less  nmnber  of 
"  holes  comitersmik  smaller  upon  the  snrface  of  the  plate  than 
"  on  the  other  side,  for  the  parpose  of  admitting  a  greater 
"  quantity  of  heat  to  the  malt. ' 

When  tiles  are  nsed  they  reqoire  to  be  laid  with  great  care. 
Under  the  best  citcametances  they  present  wide  margins  upon 
which  green  malt  can  he  and  stew  without  any  air  havmg 
direct  access  to  it.  If  the  tiles  are  uneven,  such  malt  rarely 
gets  shifted,  and  consequently  it  is  simply  dried  by  baking. 

IrregDlar  surfaces  are  also  extremely  bad  for  green  mut  if  it 
is  shovelled  or  ploughed  upon  them. 


Fio  38.— Stahlbt  Kiln  Tilm.  fio.  8S.— Ftioii  TtL«. 


It  occasionally  happens  that  the  rongh  surface  of  the  under 
edges  of  the  major  holes  catch  and  retain  the  rootlets  and  dnst 
as  they  drop  through.  I  have  some  tiles  in  my  possession 
which  have  every  hole  blocked  completely  by  this  means. 
How  the  combes  managed  to  get  into  this  position  is  a  mystery 
not  fully  explsJned  by  assuming  that  spiders  did  it. 
_  The  supporting  floor  for  tiles  is  usually  a  series  of  light  bar 
irons  on  edge  resting  upon  larger  joists.  The  sizes  of  these 
are  ruled  entirely  by  the  dimensions  of  the  kiln. 

The  actual  air  space  of  a  tile  is  irregularly  dietribated,  and 
does  not  amount  to  20  per  cent,  of  the  total  surface.  The 
number  of  holes  sometimes  equals  nine  or  ten  to  the  square 
inch,  but  every  tile  possesses  a  solid  margin  of  considerable 
area  entirely  free  from  holes. 

No  tile  is  made  which  does  not  offer  considerable  obstruc- 
tion to  an  ascending  current  of  air.  Under  no  circumstances 
should  the  thin  and  imperfect  tiles  formerly  made  be  re-used 
in  a  new  kiln. 

Tiles  may  offer  some  advantages  over  wire  for  a  barley  kiln, 
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but  these  are  not  yet  proved,  and  are  scarcely  worthy  of  serious 
consideration.  I,  however,  find  their  use  in  the  bottom  floor 
of  a  kihi  serviceable. 

Horsehair, 

This  material  is  so  seldom  used  now  that  it  requires  but 
slight  mention.  It  is  still  to  be  found  in  some  kilns,  and  is 
supposed  to  preserve  the  colour  of  the  malt — a  virtue  which 
(like  many  others)  exists  only  in  ignorant  assumption.  It  is 
stiff  horsehair  woven  with  a  coarse  mesh.  It  is  secured  in  the 
kilns  to  boards  fioustened  to  the  walls,  and  rests  upon  sphnes  of 
wood  placed  somewhat  closely  together,  resting  upon  main 
carriers  or  bearers.  This  type  of  floor  promises  to  become  as 
rare  as  the  use  of  perforated  boards  for  the  same  purpose. 

• 
Baffle-Plates. 

The  majority  of  the  kilns  in  Britain  have  a  ^late  between 
the  drying  floor  and  the  famace.  This  has  vanous  names — 
such  as  spark-plate,  fly-plate,  baf9e-plate,  shield,  reflector, 
apron,  sparkstone,  guard,  &c.,  many  of  which  indicate  its  use 
and  purpose.  If  a  kiln  has  a  properly-constructed  roof  with 
right  outlets,  the  floors  at  proper  levels,  and  a  well-constructed 
fireplace,  these  plates  are  not  only  useless,  but  a  positive  harm 
to  tne  diying  malt. 

They  are  commonly  of  sheet-iron,  and  occupy  about  one- 
half  to  one-third  of  the  area  of  a  kiln-floor.  They  are  placed 
at  all  levels  between  the  fire  and  drying-floor.  Sometimes 
they  are  left  flat ;  often  they  are  fixed  with  one  end  higher  than 
the  other.  They  are  fitted  both  with  and  without  dewlaps, 
side-flaps,  or  vertical  hanging  pieces. 

As  their  use  is  a  delusion,  it  is  needless  to  describe  them 
more  fully. 

Furnaces. 

One  of  the  most  important  points  to  consider  in  erecting  a 
kiln  is  the  fireplace.  11  the  whole  kiln  is  regarded  simply  as  a 
large  famace  with  a  big  throat,  it  simphfies  matters  very 
materially.  Practically  this  is  all  it  is.  Study  the  relative 
dimensions  of  the  inlets  and  outlets  and  their  best  positions 
rightly  to  secure  the  desired  result,  and  designing  a  kiln  is 
easy.  The  only  problem  which  varies  from  the  oasis  upon 
which  a  famace-builder  works,  is  the  uniform  distribution  of 
the  heat  at  a  point,  or  points,  presenting  the  largest  available 
area  within  the  bmlding.  As  m  practice  it  is  found  that  the 
intervention  of  a  double  layer  of  malt  causes  almost  perfectly 
uniform  distribution  of  air,  no  real  difficulty  arises  from  this 
additional  requirement  of  a  lain. 

In  everytmng  connected  with  malting,  great  diversities  of 
size  and  style  occur.  Furnaces  do  not  offer  any  exception  to 
this  rule.    Almost  every  conceivable  type  and  form  are  still  in 
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use,  or  have  at  some  time  been  used.  These  famaces  either 
permit  the  products  of  combustion  to  pass  through  the  malt 
or  they  do  not  do  so. 

No  other  distinct  line  of  demarcation  can  be  drawn  around 
maltsters'  furnaces.  They  are  made  of  all  heights  and  sizes, 
utterly  irrespective  of  any  law,  assumed  or  proven.  With  the 
majority  of  kiln-builders  such  a  thing  as  real  consideration  of 
the  subject  is  unknown. 

The  principle  of  chimney  draughts  has  been  already 
explained  (p.  196.)  For  all  ordinary  open-fire  kilns,  the  prac- 
tical and  economical  apphcation  of  that  principle  suffices.  But 
there  are  numerous  other  types  of  kilns  constructed.  Conse- 
quently we  find  that  kilns  can  be  divided  into  two  distinct 
dasses. 

J.  Fire-kilns. 
2.  Air-kilns. 

And  that  these  classes  in  turn  can  be  subdivided  into 

1.  Fire-kilns — 

Brick  famaces,  open. 

Do.  in  shafts. 

Fire-baskets. 

2.  Air-kilns — 

Air  heated  by  open  combustion  of  fuel. 
Air  heated  by  steam. 

I  cannot  at  this  point  discuss  the  relative  merits  of  air-  or 
fire-kilns  beyond  marking  the  distinction,  and  drawing  atten- 
tion to  the  fact  that  if  malt  can  be  produced  in  air-kilns  as 
satisfactorily  as  in  open  fire-kilns,  the  latter  are  doomed,  and 
must  disappear,  for  the  advantages  of  air-kilns  are  numerous 
and  decisive. 

I 
FntE-EiLNs. 

Open  Brick  Furnaces. 

These  are  generally  built  with  fire-bricks  or  lumps  at  the 
sides,  set  in  fire-clay,  and  with  a  semi-circular  arch,  also  turned 
in  fire-brick.  The  common  width  ranges  from  one  foot  six 
inches  to  two  feet  nine  inches,  and  length  froin  three  feet  six 
inches  to  seven  feet.  So  far  as  I  have  yet  seen,  the  size  is 
rarely  regulated  by  any  standard.  It  appears  commonly  a 
matter  of  opinion  on  the  part  of  the  builder.  The  grate  is 
usually  heavy  furnace  fire-bars  carried  on  bearers. 

Very  generaUy  the  whole  of  the  air  for  the  drying-floors 
passes  through  the  grate  opening.  Side  ventilating  holes  are 
nrequently  found,  and  these  give  the  maltster  a  greater 
command  of  his  work  upon  the  floor.  These  holes  are 
variously  fitted.  Some  have  sliding  doors,  and  others  pivot- 
hung  valves  of  light  sheet-iron. 
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The  area  of  grate  varies  largely.  It  must  necessarily  be 
ruled,  to  some  extent,  by  the  height  of  kiln  to  outlet.  A  lofty 
Idln  can  have  as  much  as  120  feet  of  floor  to  one  foot  of  grate. 

The  erection  of  furnaces  of  this  sort  requires  care,  and 
materials  equal  in  quality  to  Stourbridge  should  be  used; 
otherwise  frequent  rebuilding  is  necessitated. 

Shaft  Furnaces, 

Kilns  in  which  a  height  exceeding  fourteen  feet  is  allowed 
between  fire-bars  and  drying-floor,  are  constructed  frequently 
with  a  square  shaft,  rising  through  a  malt-  or  store-room. 

These  shafts  are  of  brick,  and  are  commonly  Uned  with  fire- 
brick. Side  ventilating  channels  are  left  in  the  walls,  which 
have  regulating  doors  or  dampers  affixed  to  them.  The  furnace 
has  also,  as  a  rule,  a  tight-fitting  double  door,  so  that  both 
furnace  and  ashpit  can  be  closed. 

When  these  shafts  are  used,  it  is  usual  to  have  an  air- 
distributing  chamber  immediately  over  the  store  and  below  the 
drying-floor.  This  chamber  is  comparatively  low,  having  a 
height  of  from  four  feet  six  inches  to  seven  feet,  and  the  air  is 
distributed  within  it  by  a  plain  baffle-plate,  or  by  an  arrange- 
ment, patented  by  Mr.  Free,  of  radiating  arms  or  flues 
connected  with  a  central  dome,  and  fitted  with  a  series  of 
regulating  dampers. 

Fire  Baskets, 

Many  kilns  are  fitted  with  large  open  cast-iron  baskets  of 
from  three  feet  to  six  feet  square.  These  have  legs  or  supports 
carrying  a  frame  fitted  with  ordinary  fire-bars  and  thick 
sloping  sides. 

These  baskets  are  sometimes  placed  merely  upon  the  bottom 
floor  of  the  kiln,  and  have  no  protecting  sides  or  spark-plate. 

Others  sore  built  over  with  a  brick  arch  left  full  of  holes  for 
the  escape  of  heat  on  all  sides.  Others  have  a  small  enclosure 
fitted  with  four  doors  and  a  spark-plate. 

None  of  these  plans  admit  of  right  control  of  temperature  or 
of  inflowing  currents  of  air.  Although  these  baskets  are  much 
liked  at  Bmion,  Newark,  and  other  important  malting  centres, 
their  use  cannot  be  recommended,  or,  as  a  matter  of  fe^st, 
sanctioned. 

Aib-KttiNS  Heated  by  Fibe. 

In  other  countries  kilns  of  this  class  are  almost  universally 
used.  The  creosotins  influences  derivable  from  direct  contact 
of  the  com  with  the  mmes  from  the  fire  are  ignored.  It  yet 
remains  to  be  seen  if  malt  dried  in  this  manner  can  be  used 
with  satisfaction  by  English  brewers.  Should  it  be  so,  this 
type  of  kiln  is  very  desirstble. 

Almost  any  form  of  furnace  or  stove  can  be  used  for  kilns  of 
this  order,  as  it  is  simply  requisite  to  get  a  large  volume  of  air 
heated  to  any  required  temperature  not  exceeding  250^  Fahr. 
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The  fines  are  commonly  made  -with  sheet-iron,  and  of  consider- 
able diameter  and  length  to  fomiBh  a  large  area  of  heating 
Boi&ce.  ProTision  is  euso  made  foi  the  admiztore  of  cold  tur 
to  prevent  OTer>heating. 

Sieam-Eilns. 

These  are  seldom  nsed,  and  require  little  description.  The 
air  required  for  drying  the  malt  is  heated  by  passing  through  a 
series  of  steam-pipes  in  which  super-heated  steam  circulates. 
No  real  reason  for  this  method  of  heating  exists. 


Meceahicai.  Turners. 

Many  coDtioental  kilns  have  an  arrangement  for  regularly 
turning  the  drying  grain.    These  are  often  automatic  in  action, 
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and  work  with  great  perfection.    They  are  used  as  frequently 
as  every  thirty  minutes  in  some  cases. 
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The'aatomatic  tniner  cbiefl?  osed  is  patented  by  8cb1emmet 
(Figs.  40,  41).  This  machine  is  either  driven  from  shafting 
by  three  pollies  or  baa  a  separate  engine  for  its  own  working. 
It  consists  of  a  shaft  traversing  the  whole  width  of  the  kiln, 
and  fitted  at  both  ends  with  cog  wheels.  These  ran  in  racks 
attached  to  the  side  walls.  Upon  the  shaft,  series  of  blades 
or  tamers  are  attached,  which  when  in  motion  gently  raise 
the  malt  and  deposit  it  on  the  other  side.  A.  lever  arm 
reverses  the  motion  of  the  driving  belt  directly  the  shaft 
reaches  either  end  of  the  kiln,  and  the  tamer  proceeds  in  the 
opposite  direction.  The  movement  is  a  very  slow  one  of  aboat 
one  foot  per  minate.  An  ingenioas  arrangement  of  shifting 
plates  prevents  any  malt  getting  lost  or  damaged  by  the  cogs. 

Another  mechanical  tamer  has  been  invented  and  perfected 
by  Mr.  A.  Perry,  Bathdowney. 


r'-  This  machine  has  been  designed  to  save  a  large  proportion 
of  the  labour  now  nsed  in  taming  the  malt  on  the  kiln  and 
also  apon  the  growing-floor  of  the  boose.  It  completely 
and  thoroaghly  moves  every  grain,  and  conseqaently  ensures  a 
more  even  temperatore  and  oniform  qoality  of  prodncdon. 
By  the  ease  with  which  the  bed  is  tamed,  every  gram  of  malt 
gets  its  proportionate  share  of  heated  air.  By  a  more  complete 
separation  of  the  grain,  the  bed  is  laid  Hgbter  and  more  open, 
tbas  rendering  the  passage  of  air  more  complete  and  tboroagh. 
The  time  taken  to  torn  a  kiln  holding  eighty  quarters  on  a  floor 
thirty-six  feet  square,  is  ahont  ten  nunatea.  It  is  claimed  for 
these  machines  that  a  considerable  saving  of  labour  and  fnel  is 
effected  by  their  use. 

Malt-Stobes. 

The  majority  of  malt-houses  are  constructed  to  store  or 
keep  as  well  as  to  manufacture  malt.  Some  maltings  of  large 
size,  or  exceptionally  placed,  have  independent  buildings 
in  which  to  store  the  malt  or  barley. 

Each  malt-hoase  is  more  conveniently  worked  if  it  has 
*  PanpeotiTe  dnwing  pnpared  b^  Hr.  O,  R.  WIlMm,  Fnniie, 
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Btotftge  room  for  three  to  four  monthB'  consomption  of  barley 
and  BIX  monthB'  ontpnt  of  malt. 

These  stores  to  a  certain  extent  can  be  interchangeable,  as 
barley-stores  at  the  end  of  the  season  can  store  malt,  and  vice 
versd. 

In  constracting  stores  the  three  considerations  are — 

1.  Excluaion  of  air. 

2.  ,,  damp. 

3.  „  weevil. 

It  frequently  happens  that  stores  are  designed  imperfectly, 
and  incapable  of  Bostaining  the  weight  put  npon  them.  As  all 
stores  are  occasionally  filled  to  their  atmost  capacity,  it  is  safer 
to  calculate  the  weight  they  must  sustain  as  the  gross  weight 
of  their  total  capacity  filled  with  dry  maize,  or  50  los.  for  every 
cubic  foot. 

In  conBtructing  bins  for  grain,  some  engineers  prefer  to  regard 
the  com  as  a  fluid,  and  to  calculate  weights  and  pressures 
upon  the  assumption  that  it  is  not  an  inert  mass. 


Fio.  43.— StOPis'  Bl.NS. 

With  shallow  bina,  weight  alone  requires  consideration,  but 
in  deep  bins  the  lateral  preasure  has  to  be  carefully  calculated. 
Hydraulic  rules  may  be  of  great  qbc  in  these  calculations,  for  in 
the  absence  of  experience  in  bin-construction,  the  assumption 
of  fluidity  of  the  material  stored  induces  the  buildet  to 
sofficiently  stay  the  walls  or  partitions,  and  to  make  them 
strong  enough  to  prevent  accident  and  loss. 

Very  frequently  it  happens  that  floors  break  through  or 
walls  are  pushed  over,  because  the  designers  do  not  fully 
appreciate  the  nature  of  the  thrusts  to  be  resisted. 

Weight  of  com  does  not  rest  on  bottom  entirely,  but  is 
supported  by  the  sides  as  well.  In  a  deep  bin,  so  soon  as  the 
depth  exceeds  the  diameter,  very  little  addition  is  made  to  the 
actual  weight  or  preaanre  upon  the  bottom.  The  additional 
com  is  supported  oy  friction  against  the  sides  of  the  bin  and  of 
the  grains  against  each  other.  It  is  alao  important  to  note 
whether  vibration  occurs  in  the  malting,  as  it  seriously  affects 
this  qucBtion. 

The  carious  facts  connected  with  the  pressure  of  grain  in 
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bins,  carefolly  ex]perimented  upon  by  Mr.  Boberts  and  given 
to  the  world  by  his  paper  read  at  the  Southampton  meeting  of 
the  British  Association,  1882,  require  to  be  carefolly'  studied  in 
building  such  large  malt-stores  as  must  necessarily  be  attached 
to  maltmgs  of  large  size. 

In  small  maltings  the  upper  or  middle  floor  is  generally  used 
as  both  malt-  and  barley-stores. 

In  larger  maltings  the  top  floor  is  more  generally  so  used. 

Customarily  the  bins  are  fixed.  Weevil  are  accordingly 
greatly  £Eivotu^.  No  bin  need  ever  be  permanently  fixed. 
It  is  usually  convenient  to  have  right-ups  or  posts  every  six 
to  eight  feet ;  if  these  are  constructed  according  to  diagram, 
Fig.  43,  it  enables  every  part  of  the  stores  to  be  removed  for 
the  purposes  of  cleaning,  &c. 

Each  bin  for  barley  is  usually  more  convenient  if  it  holds 
from  twenty  to  sixty  quarters.  Lsorger  bins  are  dangerous 
unless  the  com  is  very  dry. 

Accordingly  malt-stores  should  have  massive,  damp-proof 
walls,  double  floors,  and  removable  partitions  throughout. 

Kilns  of  large  size  can  generally  be  arranged  to  admit  of  a 
portion  of  their  space  between  fire  and  floors  to  be  devoted  to 
storage  purposes. 

The  arrangement  of  belts,  conveyors,  elevators,  screens,  &c., 
will  be  found  under  "  Tools  and  Apparatus,"  Chaps.  XVI. 
andXVn. 
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CHAPTEE   XIV. 

PNEUMATIO     MALTINGS. 

"We  ahaU  find  that  the  Yaloes  of  things  depend  upon  the  total  quantity  of 
labour  neoeseazy  to  manuf aotoie  them,  and  bring  them  to  market  .... 
Eoonomy  in  the  nm  of  labour  never  fails  to  reduce  the  relatiye  yalue  of  a  com- 
modity, whether  the  saving  be  in  the  labour  necessary^  to  the  manufacture  of 
the  coxnmodity  itself,  or  in  that  necessary  to  the  f onnation  of  the  capital,  by  the 
aid  of  which  it  is  produced." — Bioabdo,  Frindples  of  PoUtical  Economy  and 
Taxation. 

Fueumatic  Maltinffs : — 
Gkdland's  ICalt-house.    Saladin  System  of  Turning.    Saladin's  Malt-houses  at 
Troves.    Diagram  of   Temperatures — Stopes*   System.    Botatory  System. 
Table  of  Costs.    Practical  Working  of  Saladin  House. 

All  maltings  worked  in  the  common  manner,  together  with 
those  worked  upon  the  Continental  and  Stopes'  systems, 
labour  mider  the  disadvantage  of  inabihty  to  control  rightly 
the  temperature  and  conditions  of  air-supply  to  the  germinating 
grain, 

A  comparatively  new  form  of  malting  is  known  as  the 
"pneumatic  system/' which  may  be  freely  described  as  the 
absolute  control  of  the  conditions  of  all  air  supplied  to  growing 
grain,  and  its  consequent  modifications  of  growth. 

This  system  has  been  known  for  several  years,  and  is  largely 
adopted  abroad.  Owing  to  our  singular  insular  prejudices,  only 
five  of  these  houses  are  as  yet  at  work  in  Great  Britain, 
notwithstanding  that  the  first  pneumatic  malting  successfully 
worked  was  at  Messrs.  Perry  and  Co.,  Boscrea,  Ireland,  and 
that  the  principle  was  patented  bv  Stead  in  1842.  All  users 
are  well  pleased  with  them,  for  they  possess  numerous 
advantages,  with  only  one  disadvantage  (if  it  may  be  called 
one  in  this  mechanical  age),  viz.,  the  consumption  of  greater 
power,  and  a  consequent  reduction  in  the  number  of  work- 
men to  one-third  ol  that  otherwise  necessaiy.  The  area 
occupied  by  the  buildings  does  not  equal  one-third  of  ordinary 
houses.  The  actual  growing-floor  space  is  only  one-seventht 
whilst  the  use  of  plant  and  premises  is  continuous,  the  pro- 
cess of  malting  bemg  equally  well  conducted  in  the  hottest 
weather. 

From  this  it  will  be  seen  how  very  widely  this  system 
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of  maJting  differs  from  that  we  have  been  chiefly  con- 
sidering. 

No  verjr  material  difference  in  the  construction  of  the 
buildings  is  required  from  a  structural  point  of  view,  exclusive 
of  area  of  floors.  In  the  ordinary  pneumatic  system,  the  kilns 
remain  the  same.  Malt-stores  are  smaller,  barley-stores  larger, 
growing-floors  much  smaller,  differently  placed,  and  very  differ- 
ently constructed. 

It  would  be  difficult  and  tedious  to  follow  all  the  inventions 
relating  to  pneumatic  malting,  made  or  suggested  by  Tizard, 
Graham,  Perry,  Galland,  Marbeau,  Gecmen,  Jacobsen,  Saladin, 
and  numerous  others. 

One  of  the  earliest  practical  attempts  to  malt  with  deep 
layers,  made  by  Galland,  speedily  proved  the  importance  of 
proper  turning  and  ventilating  the  grain.  This  was  taken  up 
by  one  of  his  assistants,  M.  Salaidin,  and  worked  out  to  a 
practical  issue. 

During  the  first  few  years  after  pneumatic  malting  had  been 
applied  to  ventilate  thick  layers  of  grain,  it  was  generally 
believed  that  a  means  was  found  of  henceforth  dispensing  with 
the  manual  labour  of  shovelling  and  with  the  enormous  cellars 
and  growing-floors  which  are  necessary  for  the  operation,  such 
as  are  still  in  general  use. 

The  question,  however,  was  not  completely  solved.  The 
ventilation  which  allows  malting  in  thick  layers,  and  saves 
merely  a  great  deal  of  space,  has  always  proved  a  failure  when- 
ever the  inventor  neglected  to  turn  the  entire  mass  of  grain, 
and  no  fair  quality  of  malt  could  be  produced  except  by  adding 
manual  stimng  to  mechanical  ventilation. 

The  invention  of  mere  ventilation  became,  therefore,  useless, 
since  it  produced  but  little  economy,  or  any  other  marked 
advantage.  Henceforth  it  became  a  matter  of  absolute 
necessity  to  have  again  recourse  to  hand-labour  in  order  to 
stir  the  grain. 

Now  manual  stirring  is  an  imperfect  proceeding,  a  sort  of 
half  measure,  as  bad  as  the  others.  This  can  be  testified  by 
all  those  who,  having  erected  receivers  with  thick  layers,  stir 
the  latter  only  with  the  shovel.  They  nearly  all  feel  the 
defectiveness  oi  this  process,  and  how  desirable  it  is  that  this 
indispensable  operation  should  be  performed  in  a  complete, 

Eerfect,  and  sure  manner.  The  work  has  been  aptly  described 
y  M.  Saladin,  who  says : — '*  I  have  seen  many  pneumatic 
'  maltings  with  manual  stirring.  All  was  going  on  well  under 
'  the  master's  eye,  though  the  workman  had  a  much  harder 
'  task  to  turn  over  with  his  shovel  the  deep  layers  of  com  than 
'  the  thin  layer  on  a  common  germinating-floor.  But  that  was 
'  his  own  concern.  The  master,  unable  to  be  constantly 
'  present  at  the  stirring  from  beginning  to  end,  kept  a  watchful 
'  eye  for  some  weeks,  and  then  trusted  his  workmen.  What 
'  was  the  consequence  in  most  cases  ?  The  workman  also 
'  relaxed  his  zeal,  did  his  work  in  a  slovenly  manner,  and  a 
'  notable  quantity  of  the  com   remained    unmoved  at  the 
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"  bottom ;  the  stirring  was  incomplete,  and  the  maltster 
''  perceived  it  only  when  it  was  too  late  to  remedy  the  evil." 

The  grains  which  remain  too  long  in  contact  with  the  floor 
become  more  impregnated  with  moisture  and  heat,  and  begin 
to  shoot  much  sooner  than  the  others.  Their  radides  become 
entangled,  pass  through  the  holes  in  the  floor,  stick  in  them, 
and  can  be  detached  only  with  a  good  deal  of  trouble.  Not 
only  the  apertures  in  the  false  bottom  become  choked, 
but  the  ventilation  of  the  great  mass  is  checked,  the 
unstirred  grains  shoot  out  the  plumules,  and  thus  exhaust  their 
provision  of  useful  substances.  If,  after  that,  the  workman 
picks  out  these  grains,  and  mixes  them  with  the  others  in  order 
to  conceal  his  carelessness,  the  malt  will  be  of  an  uneven  and 
inferior  quality. 

Na^,  the  conseauences  are  even  worse  than  that.  Every 
practical  maltster  knows  perfectly  well  that  the  layer  of  grain 
m  germination  begins  occasionally  to  sweat,  because  the  vapour 
which  disengages  itself  from  the  heated  grains  of  the  lower 
range,  becomes  condensed  on  the  grains  at  the  surface  exposed 
to  a  lower  temperature.  This  effect  manifests  itself  especially 
in  thick  layers,  with  an  intensity  proportional  to  the  mass  at 
work.  Now,  if  the  layer  remams  unmoved,  the  moister  grain 
at  the  surface  can  only  vegetate  in  a  condition  very  different 
from  that  of  the  hotter  and  drier  grain  of  the  lower  range,  and 
produces  in  the  end  a  malt  of  very  uneven  quality,  and  this  can 
only  be  remedied  by  a  judicious  stirring  at  the  proper  moment, 
in  order  to  mix  the  entire  mass  thoroughly. 

The  main  object,  therefore,  is  to  adapt  to  the  ventilation  of 
thick  layers  a  system  of  mechanical  stirring,  which  might 
enable  the  maltster  or  his  foreman  to  stir  those  layers  as  often 
as  he  thinks  fit,  and  that  this  stirring  should  be  accomplished 
in  a  thorough,  perfect,  and  rehable  manner. 

This  is  precisely  the  point  which  has  only  recently  drawn 
the  attention  of  inventors  of  pneumatic  malting,  and 
M.  Saladin  was  the  first  to  invent  an  apparatus  answering 
this  requirement. 

The  question  of  perfect  stirring  being  a  necessary  and 
indispensable  action  m  pneumatic  malting,  ensures  not  only 
the  requisite  quantum  of  work  well  done,  but  brings  also  with 
it  what  cannot  be  obtained  by  mere  ventilation — an  immense 
savins  of  hand  labour. 

Altnough  in  the  opinion  of  some,  ventilation  has  diminished 
to  a  certain  extent  the  necessity  of  shovel-work,  it  is  not  the 
less  evident  that  the  latter  cannot  be  entirely  dispensed  with, 
and  that  it  would  be  very  imprudent  to  reduce  it  too '  much. 
Besides,  as  the  qualities  of  barley  differ  according  to  crop  and 
countnr,  ever^  intelligent  maltster  knows  that  they  must  be 
treated  in  different  ways. 

We  may  regard  one  of  the  largest  and  most  recent  houses 
now  successfully  working  as  a  type  of  good  house.  In  the 
illustrations  (Figs.  44  to  46)  is  shown  a  pneumatic  malting 
capable  of  working  120  quarters  every  day.     (Scale,  tti*) 
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The  whole  space  occupied  is  the  area  necessary  for  kihis, 
malt*  and  barley-stores,  engine-  and  boiler-house,  and  fans. 
No  additional  area  is  required  for  germinating-floors,  as  ten 
germinating  cases,  A,  are  placed  in  the  basement  below  kiln 
and  stores.  The  building  is  of  brick,  the  internal  walls  above 
the  ground  line  resting  upon  cast-iron  columns  and  rolled-iron 
joists.  The  germinatmg  cases,  A,  A,  are  of  iron ;  the  bottoms 
are  double.  The  plates  of  the  fcdse-bottom  admit  of  draining  the 
com  if  the  germinating  case  is  also  used  as  a  steeping  cistern. 
Their  chief  object,  however,  is  to  admit  of  ready  circulation  of 
the  air  by  means  hereafter  described.  Large  channels.  A,  a, 
serve  as  cbrains  for  moisture,  and  to  convey  tne  air  to  or  from 
the  growing  corn.  Between  each  case  is  a  passage,  D,  enabling 
the  maltster  to  have  free  access  to  the  com  at  aU  points.  With 
the  exception  of  the  driving  shaft,  E,  all  the  machinery  is  in 
duplicate,  so  that  the  possibuity  is  remote  of  any  breakdown 
that  would  seriously  affect  the  working  of  the  house.  This  is 
necessary,  as  should  the  fans,  L,  N,  be  stopped  for  twenty- 
four  hours,  the  corn  germinating  at  a  depth  exceeding  thirty 
inches  would  inevitably  heat  and  be 
spoiled.  The  boiler,  T,  and  the  en- 
gmes,  S,  are  of  the  common  type  of 
twenty  -  horse  power  nominal.  The 
fans,  L,  N.  are  tL  Farcot  patent.  The 
lower  floors  of  the  kilns  are  provided 
with  the  Schlemmer  patent  mechanical 
turners. 

The  turners  in  the  germinating  cases 
are  Saladin's  patent.     (See  Figs.  47,  48.) 

The  germination  of  the  grain  is  ef- 
fected by  cool,  moist  air,  forced  by  the 
fan  described,  after  passing  through  the 
cooler    and    moistener    known    as    an  Fio.47. 

^changeur.     As  the   germinating  grain   Saladih  Tubmutg  Sciiaw. 

has  a  depth  of  from  thirty  to  forty  inches, 

some  pressure  is  required,  and  mechanical  means  are  necessary 

for  efficient  and  economical  turning. 

The  ^changeur  is  a  very  ingenious  utiUsation  of  the  well- 
known  rapidity  of  evaporation  of  any  liquid,  when  spread  out 
in  very  thm  layers  over  large  surfaces  and  exposed  to  a  current 
of  air. 

^  It  consists  of  a  cylinder  or  series  of  cylinders  of  increasing 
diameter  placed  one  within  another.  Each  consists  of  finely 
perforated  sheet-iron.  They  are  placed  in  a  trough  of  water, 
just  sufficiently  immersed  to  ensure  complete  wetting.  When 
rotated  at  a  slow  speed  the  surfaces  of  all  the  cylinders  are 
kept  just  moistened.  A  volume  of  air  is  either  driven  or  drawn 
through,  as  may  be  required  for  any  particular  purpose.  The 
air  in  its  passage  comes  first  into  contact  with  the  moistened 
cylinders,  and,  if  hot  and  dry,  becomes  damp  and  cool,  for  the 
constant  evaporation  upon  the  cylinders  has  a  very  consider- 
able refrigerating  effect.    This  was  well  known  to  the  Egyptians 
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over  fonr  thonsand  years  a^o,  and  the  porons  bottle,  gargonleh, 
of  Esneh,  has  been  made  right  down  to  the  present  day  to  keep 
the  drinking-water  of  that  hot  country  cool  and  £cesh.    The 


^changeor  is  like  a  gigantic  gargonleh,  and  by  increasing  the 
size  and  nomber  of  the  cylinders  and  caosing  the  water  in 
the  moistening  troa^  to  circulate,  any  volume  of  air  can  be 
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wetted  to  the  saturation-limit  corresponding  to  its  temperature, 
and  reduced  to  the  actual  temperature  of  the  water  or  glycerine 
used. 

It  will  he  seen  that  this  apparatus  gives  the  maltster  com- 
plete control  of  the  humidity  and  heat,  as  well  as  volume  of  the 
air  driven  through  germinating  com. 

The  Saladin  turning  apparatus  consists  of  a  cylindrical 
frame  provided  with  rollers  which  run  on  rails  at  the  edge 
of  the  germinating-cases  (Fig.  48).  It  is  carried  to  and  So 
from  either  end  of  the  case  by  compensating  rope-gearing, 
which  at  the  same  time  gives  motion  to  the  turning  screws. 
These  screws  do  not  quite  touch  the  bottom  of  the  germinating 
case,  but  just  skim  it.  The  cases  are  generally  made  wide 
enough  for  six  turning  screws  (Fig.  47) . 

The  kilns  are  double,  each  possessing  two  floors.  The  con- 
struction of  the  furnaces  is  of  the  ordinary  French  pattern. 
The  arrangement  of  the  house  permits  of  great  regularity  of 
working.  Every  day  130  quarters  of  barley  are  screened,  sorted, 
cleaned,  and  passed  into  a  steeping-cistem.  When  sufficiently 
steeped  the  barley  runs  through  piping  into  the  germinating- 
case  which  in  the  natural  order  of  working  happens  to  be  empty. 
Here  it  forms  the  couch.  When  it  is  desirable  to  open  couch, 
or  prevent  further  accession  of  heat,  a  small  amount  of  air  is 
forced  through  the  prain  by  opening  the  trap-door  connected 
with  the  main  air-channel.  This  farnishes  the  growing  com 
with  oxygen,  removes  the  carbonic  acid  gas,  and  regulates 
temperatures  of  the  mass  of  grain. 

Later,  the  Saladin  turner  is  put  in  motion  for  a  few  minutes 
about  every  eight  to  twelve  hours.  The  screws  in  rotating 
upon  their  axes  are  slowly  propelled  horizontally.  They  thus 
effectually  turn  the  grain,  and  leave  it  perfectly  smooth.  This 
turning  process  prevents  matting  of  the  roots.  The  regulation 
of  temperature  and  exposure  to  air  are  effected  by  means  of  the 
cold  air  from  the  "  ^changeur." 

When  the  grain  is  sumciently  grown,  it  is  elevated  to  the 
kiln.  For  forty  hours  it  remains  upon  the  top  floor ;  it  is  then 
dropped  upon  the  bottom  floor,  a  further  charge  of  green  corn 
following  upon  the  top  floor.  The  benefit  is  mutual.  The 
bottom  is  maintained  at  an  even  temperature,  for  it  is  virtually 
plunged  in  an  air  bath,  free  radiation  of  heat  is  prevented,  and  the 
top  surface  of  the  malt  is  necessarily  nearly  as  warm  as  that  next 
the  wires,  which  in  its  turn  is  subject  to  lower  heats  than 
would  be  necessary  if  free  radiation  from  the  surface  were 
cdlowed.  The  top  floor,  by  the  intervention  of  the  layer  of 
malt  between  it  and  the  fixe,  is  prevented  from  coming  into 
direct  contact  with  heat  of  a  dangerous  and  damaging  degree. 
The  same  heat  which  is  used  to  dry  one  floor,  and  in  an 
ordinary  kiln  passes  at  once  into  the  air  as  waste,  is  the  best 
possible  description  of  heat,  namely,  very  slightly  moistened 
heated  air,  to  remove  the  moisture  from  the  second  layer  of 
malt  at  a  low  temperature. 

It  is  of  vital  importance  to  retain  this  green  malt  at  a  low 
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heat  as  long  as  any  degree  of  moisture  exceeding,  say,  15  per 
cent.,  is  retained  by  the  com. 

The  degree  of  heat  npon  the  kUn,  and  the  duration  of 
particular  temperatures,  rule  very  largely  the  percentage  of 
dextrine  produced  by  the  malt,  as  well  as  the  colour  of  the 
resulting  wort. 

A  finsu  distinct  advantage  of  this  type  of  kiln  is  the  abolition 
of  turning  the  drying  grain,  not  only  economising  the  labour, 
but  preventing  the  positive  injury  of  placing  dry  malt  above 
that  which  is  damp  through  the  inevitable  absorption  of  a 
portion  of  the  moisture. 

All  the  best  of  the  screens,  sorters,  and  other  apparatus, 
described  in  Chaps.  XYI.  and  XYII.,  are  employed  in  maltings 
of  this  class.  The  chief  difference  is  that  in  our  English 
maltings  it  is  the  exception  to  find  them,  whilst  in  pneumatic 
houses  it  is  unusual  for  them  to  be  absent. 

The  advantages  of  the  Saladin  or  an^  other  reaUy  good 
system  over  that  hitherto  working  in  Britam  are  numerous,  the 
one  disadvantage  being  the  necessity  to  employ  so  much 
more  power.    They  are  as  follows : — 

1.  The  area  occupied  by  the  building  does  not  eoual  one-third 
of  that  otherwise  required.  The  actiuJ  growing-noor  space  is 
only  about  one*seventh. 

2.  The  number  of  workmen  (ruled  necessarily  by  the  size  of 
the  house)  is  reduced  two-thirds. 

3.  The  use  of  plant  and  premises  is  continuous,  the  process 
of  malting  being  equally  well  performed  during  the  summer 
months.  The  mrtner  advantage  of  this  is  that  brewers 
secure  entire  uniformity  in  age  of  malt,  while  by  the 
English  system  the  stock  of  finished  malt  necessarily  fluc- 
tuates largely. 

4.  All  growing  com  is  subjected  to  the  same  conditions  of 
surrounding  air,  exposure,  and  temperature. 

5.  The  volume  of  air  supplied  to  the  germinating  com  is 
entirely  xmder  control,  as  are  also  its  temperature  and  humidity. 
When  termination  is  arrested  and  the  green  malt  is  drying,  the 
doable  Kilns  ensure  control  of  the  temperature  of  the  com  in 
the  kilns.  The  infrequency  of  turning  the  germinating  grain 
benefits  the  growth  of  the  roots  and  the  development  of  the 
plumule,  besides  saving  much  labour. 

6.  Few  grains  are  crashed  or  damaged  by  the  feet  or  shovels  of 
the  workmen. 

7.  The  air  supplied  to  the  com  can  be  inexpensively  freed 
from  disease-ger^s  and  imnurities. 

8.  The  capital  needed  for  malting  can  be  reduced  by  the 
diminished  cost  of  installation,  the  reduced  stocks  of  malt  in 
hand,  and  wages  paid. 

9.  The  quality  of  the  malt  made  is  considerably  im- 
proved. 

10.  The  percentage  of  acidity  is  much  reduced.  The  stability 
of  the  beer  is  increased,  and  a  greater  percentage  of  the  ex- 
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tractive  matter  of  the  barley  is  obtainable  by  the  brewer  or 
other  user  of  the  malt. 

These  advantages  must  eventually  be  recognised. 

The  diagrams  (Figs.  49  and  50),  taken  from  actual  workings 
of  the  system,  are  of  interest. 

The  two  first  are  instances  of  neglect  and  bad  management, 
chiefly  of  use  in  showing  the  great  control  over  temperature 
the  method  adopted  by  Saladin  possesses  of  cooling  and  forcing 
air. 

The  dotted  Une  indicates  the  movements  of  the  valve,  and 
the  plain  line  the  corresponding  fluctuations  of  the  heat. 

The  more  complete  diagram  (Fig.  51)  gives  full  details  of 
two  modes  of  working. 

Ventilation  was  effected  b^  blowing,  the  air  passing  through 
the  com  from  below,  and  bemg  kept  at  a  suitaole  temperature 
and  humidity  by  M.  Galland's  apparatus. 

A.  Weight  of  200  kernels  in  the  Saladin  apparatus. 

B.  (Dotted  line)  weight  of  200  kernels  in  ordinary  system. 

C.  Process  of  chitting  up  to  98  per  cent. 

D.  Cubic  feet  of  air  per  minute  (35  to  50  per  square  yard). 

E.  Increasing  thickness  of  layer  in  Saladin  system,  4  to  28 

inches. 

F.  Temperature  of  layer  (5  to  7  inches)  on  ordinary  malt- 

floor. 
Q.  Temperature  of  bottom  of  layer  in  Saladin  system. 
H.  Do.  top  do  do. 

I.  Do.  air  supplied. 

J.   Periods  (17)  of  turning  m  Saladin  system. 
K.      Do.    (23)        do.  ordinary  process. 

The  regularity  of  G,  H,  and  I,  as  compared  with  F,  shows 
the  great  uniformity  of  the  mechanical  system,  and  the  ease 
with  which  it  is  controlled.  The  range  of  temperature  in  the 
layer  was  but  four  or  five  degrees. 

On  being  laid  in  the  cases  on  the  first  day,  the  com  was  not 
ventilated,  and  the  current  of  air  was  only  to  be  introduced 
when  .the  temperature  had  risen  above  59°.  But  the 
temperature  never  did  rise  above  64°.  I  would  here  observe 
that  ventilation  caused  the  grain  in  the  cases  to  become 
heavier  than  that  on  the  ordinary  malt-floor,  thus  proving  that 
the  air  used  for  that  purpose  was  very  moist. 

Germination  was  continued  for  ei^ht  days.  If  a  lower 
temperature  had  been  employed  it  might  have  continued  for 
ten  or  twelve  days.  That  is  a  matter  which  admits  of  easy 
regulation. 

At  the  conclusion  of  germination  a  whole  day  is  required  for 
dry  ventilation.  The  air  employed  in  ventilation  is  constantly 
renewed,  that  which  has  been  used  being  expelled.  As  a 
consequence,  the  resulting  malt  has  a  peculiarly  deUcate  and 
pure  flavour  not  to  be  found  in  that  made  without  a  change 
of  air. 

Q  2 
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These  houses  are  types  of  the  most  complete  and  largest  yet 
constmcted.  Their  existence  is  owing  to  the  prior  inventions 
of  Galland,  Tizard,  Stead,  and  others. 

Of  these  inventors,  Galland  stands  prominently  forward  as 
the  most  practical,  and  the  originator  of  the  title  Pnemnatic 
Malting.  Numerous  inventions  and  patents  have  been  taken 
out  by  him.  His  first  pneumatic  house  was  constructed  at 
Maxeville  in  1873.  In  this  he  made  the  mistake  of  allowing 
the  grain  to  remain  unturned  during  growth.  This  defeat  was 
remedied  in  the  second  house  constructed,  which  accordingly 
was  the  first  successful  malthouse  on  the  new  principle.  It 
was  erected  for  Messrs.  Perry  and  Sons,  Eathdowney 
and  Boscrea,  Ireland,  and  is  still  in  very  successful 
operation. 

Since  its  erection  several  other  pneumatic  houses  have  been 
built  in  Britain,  notably  those  of  Messrs.  Flower  and  Sons, 
Stratford-on-Avon  ;  F.  Faulkner,  Beeston ;  Sedgwick  and  Co., 
Watford ;  Nimmo  and  Sons,  Castle  Eden ;  and  more  recently 
by  J.  Brutton,  Esq.,  Yeovil,  who  has  a  house  containing 
the  advantages  of  the  Galland,  Saladin,  and  Stopes  systems. 

No  instance  has  yet  occurred  of  an  ordinary  English  malting 
being  converted  into  a  pneumatic  house. 

The  earlier  tjrpes  of  the  Galland  pneumatic  houses  are  shown 
by  Figs.  52—64. 

Figures  56  and  57  show  the  fuller  development  of  the 
system. 

The  grain,  steeped  as  usual,  is  placed  in  the  couch-tanks, 
which  are  ventilated  by  downward  suction  of  air.  Thence 
the  com  is  discharged,  through  openings  in  the  floor,  into  the 
germinating-drumsr  which  consist  of  two  cylinders  of  per- 
forated  metal  or  woven  wire,  the  smaller  serving  as  an  air- 
conduit  capable  of  exhaustion,  whilst  a  fixed  valve  within  it 
prevents  suction  of  air  through  that  part  of  the  circumference 
which  is  not  covered  by  the  grain  (Fig.  57).  Short  arms 
radiate  from  the  interior  cylinder,  which  revolves  as  one  vnth 
the  outer. 

The  advantages  claimed  for  this  system  are  :-^ 

1.  Beduction  of  cost  of  buildings  in  consequence  of  great 
depth  of  germinating  grain,  viz.,  30  to  40  inches,  instead  of 
the  shallow  depths  in  open  houses. 

2.  Practical  continuance  of  process  through  the  warm  months, 
and  consequent  small  stock  of  malt  required. 

8.  Improvement  of  quaUty  of  malt  made. 

4.  Beduction  of  working  expenses,  chiefly  labour. 

The  pneumatic  system  must  inevitably  be  largely,  if  not 
exclusively,  used  in  the  near  future,  so  soon  as  the  best  type  of 
installation  can  be  determined.  It  must  not  be  forgotten,  that 
although  for  over  forty  years  the  idea  has  now  been  before  the 
public,  that  the  germination  of  malt  can  be  best  effected  in  this, 
or  some  similar  manner,  it  is  only  twelve  years  since  the  first 
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Fia.  63 — Oallind'*  Pkbdmitio  Maltino. 


A.  (hmdaMtiiig  oliunben,  putlj  filled  witli  gnia. 

B.  Emptj  iptoe  in  Uie  lune  foi  woikcun. 
0.  Centnl  ^'flua. 

D.  Lstenl  ditto  under  TterfoTsted  bottoma  of  A,  knd  ihnt  oS  from  C  hj  «lidee 
worted  from  the  punge  kboTe. 

E.  Coke  ohAmbas. 

F.  Fan,  drkwing  ur  trcaa  central  air-tine. 

O.  Windovs  wim  ^des  to  regnlat«  or  prevent  entij  of  freah  air. 

H.  Opening!  hf  wUob  kli  btm  the  coke  obunber*  pMM*  to  the  gccminating 
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reaUy  practical  effort  so  to  work  haer  been  made.  Owing  to 
personal  and  peculiar  circumstances,  the  practical  adoption  of 
the  principle  has  been  much  interfered  with  and  retarded. 

Another  form  of  pneumatic  malt-house  is  one  in  which,  in 
practice,  the  pieces  are  turned  every  twelve  hours,  and  passed 
80  far  onwards  that  in  the  foremost  place  freshly-steeped  oarley 
can  be  continually  placed,  and  thus  the  work  goes  steadily  on 
until  the  kiln  is  reached.  By  this  method,  in  every  stage  of 
its  progress  the  barley  is  under  the  control  of  the  eye,  and  its 
condition  is  ascertained  by  the  aid  of  the  thermometer.  By 
this  system  the  strictest  cleanliness  can  be  preserved. 

On  this  system  there  has  been  at  work,  since  May,  1882,  at 
Herr  Johann  Schilcher's  estabUshment  at  Puntigam,  near  Graz, 
a  malthouse  constructed  according  to  the  plans  of  C.  Yolkner, 
civil  engineer. 

The  following  account  of  this  house  has  been  largely  taken 
from  a  report  upon  it  given  by  Dr.  Lintner  in  The  American 
Brewers*  Journal,  March,  1883.  Including  the  growing-floor, 
two  kUns,  a  silo  and  scouring  apparatus,  it  has  been  calculated 
for  an  annual  production  of  20,000  hectolitres  (7,000  quarters) 
of  malt  per  annum. 

The  total  volume  of  each  piece  amounts  to  15  hectolitres. 
As  every  day  the  work,  as  weU  as  the  addition  of  new  malt,  is 
repeated  twice,  we  have  in  ten  days  2  x  15  x  10  =  300  hecto- 
litres (105  quarters)  finished  per  floor.  This  quantity  can  be 
readily  increased. 

This  installation  requires,  inclusive  of  the  passage-ways,  a 
surface  space  of  200  square  metres,  which  is  only  one-third  of 
the  space  demanded  by  the  ordinary  method  of  malting. 

At  an  examination  undertaken  in  July,  the  thermometer  on 
the  growing-floor  and  in  the  whole  of  the  growing  heaps 
showed  an  equal  temperature  of  11'75°  C.  The  air  outside,  in 
the  shade,  was  at  a  temperature  of  25*5^  C.  The  amount  of 
moisture  in  the  atmosphere  of  the  growing-floor,  determined 
by  the  psychrometer,  was  96*97°,  and  the  entire  volume  of  air 
on  the  growing-floor  was  changed  twelve  times  every  hour, 
i.e.,  14,400  cubic  metres  of  air  passed  through  the  heaps  every 
hour,  they  occupymg  a  space  of  120  square  metres. 

Professor  Thausing,  of  Modling, visited  the  Schilcher  establish- 
ment on  the  26th  of  August,  1882,  and  expresses  himself  as 
follows  on  the  subject : — 

"  Altogether  I  was  perfectly  satisfied  with  my  inspection. 
"  The  green  malt  I  found  very  thoroughly  opened,  the  leaf- 
**  germ  well  developed,  the  root-germ,  in  consideration  of  the 
"  unfavourable  weather,  not  of  an  excessive  length.  The  malt, 
"  dried  on  a  Yolkner  kiln,  with  a  view  to  the  kind  of  beer  to 
"  be  produced,  of  a  pale  colour,  must,  according  to  its  external 
"  appearance,  be  pronounced  very  good." 

The  working  in  a  pneumatic  malting  is  exceedingly  pleasant. 
In  consequence  of  the  infrequency  of  turning,  the  germ  is  well 
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preserved  and  labour  is  saved.  In  Pnntigam  the  chief  maltster 
superintended  the  process.  It  is  necessary  that  whoever  does 
this  is  a  thoroughly  reliable  man,  as  the  regulation  of  the  air- 
current  above  all  things  influences  the  quality  of  the  green 
malt.  Twice  every  day  three  men  are  occupied  for  a  short 
time  in  shovelling  the  malt  from  one  cell  to  another,  in  filling 
two  cells  with  fresh  malt,  and  transporting  the  green  malt  from 
two  other  cells  to  the  kiln. 

While  in  the  open  pneumatic  malting  the  entire  growing 
process  is  consummated  under  the  maltster's  eyes,  who  can  at 
any  moment  interfere  and  regulate  it,  the  opposite  is  presented 
in  the  mechanical  malting.  In  this  apparatus,  during  the 
entire  course  of  the  germination,  the  grain  is  contained  in 
closed  vessels  very  difficult  of  access,  and  difficult  to  keep  clean, 
in  which  the  process  of  growth  can  only  be  ascertained  by 
means  of  the  examination  of  samples.  In  addition  to  this,  in 
most  mechanical  growing  apparatus,  the  access  of  air  is  less 
complete  than  on  the  ordinary  growing-floors.  Its  ingress  is 
partly  obstructed  by  the  devious  passages ;  as  in  the  apparatus 
constructed  on  the  Gecmen  plan,  the  multifarious  penorated 
tin  plates,  lying  one  over  the  other,  prevent  the  regular  passage 
of  the  air,  which  always  prefers  an  open  passage  wnere  it  exists. 

The  greatest  fault,  however,  in  the  mechanical  maltings  is 
the  uncleanliness  insei>arable  from  them,  man^  of  them  con- 
taining totally  inaccessible  comers  and  angles,  in  which  mould 
finds  ^1  the  conditions  favourable  to  its  growth. 

''For  the  above  reasons,"  said  Yolkner,  ''the  mechanical 
"  method  of  malting,  after  about  ten  years  of  effort,  could  not 
"  find  a  foothold  in  Brewing,  and  of  the  many  isolated  apparatus 
"  that  have  been  set  up,  a  large  proportion  have  already  been 
"  abandoned." 

Although  Lintner  agrees  vnth  Yolkner 's  opinion  of  mechanical 
malting,  it  must  not  pass  unnoticed  that  during  the  past  few 
years  many  important  improvements  have  been  made  therein. 

Just  as  strongly  as  against  the  mechanical  growing  apparatus 
does  Yolkner  express  himself  against  the  continuous- working 
mechanical  kilns,  claiming  that  mechanical  treatment  in  the 
kilning  process  is  opposed  to  all  right  principles. 

A  vast  amount  of  ingenuity  has  been  exercised  to  invent 
machines  that  vnll  rotate  the  germinating  and  drying  grain 
by  power. 

Should  it  ever  be  brought  to  a  practical  issue,  this  system 
might  advantageously  be  termed  the  Botatory  System  of 
Malting. 

Of  the  numerous  futile  efforts  to  effect  this  I  need  say  but 
little. 

In  America,  Howe's  portable  malting  system  has  been  brought 
out,  but  of  its  success  or  otherwise  it  is  difficult  to  obtain 
precise  information. 

The  illustration,  Fig.  54,  and  the  inventor's  claim  of 
advantages,  sufficiently  set  forth  the  nature  and  merits  of  the 
invention. 
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The  many  advaatageB  claimect  for  it  axe  : — 

1.  The  originELl  cost  of  the  plant  is  lesB  than  under  the  old 
aystem,  and  the  space  required  in  the  boilding  is  greatly 
rednced. 

2.  It  can  he  cheaply  and  convenientlj^  applied  in  any  building 
fitted  up  for  the  old  process,  and  will  save  a  considerahle 
portion  of  the  room,  u  is  adapted  to  any  and  all  old  malting- 
floors,  and  to  any  ordinary  building. 

3.  It  purifies  the  germmating-  and  drying-floors  or  surfaces 
by  fire,  tons  efFectuafly  destroying  all  fermentation,  mould,  and 
insect-life,  and  rendermg  the  floors  perfectly  sweet  and  clean  at 
all  seasons  of  the  year.  This  fire-purification  is  effected  without 
expense  or  inconvenience,  and  is  incomparably  superior  to  any 
other  method  of  purification  ever  before  devised  for  this 
purpose. 
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4.  It  places  the  control  of  the  germinating  and  drying 
temperature  absolutely  in  the  power  of  the  operator  at  all 
times. 

5.  By  reason  of  the  fire-purification  and  the  perfect  control 
of  the  temperature,  it  renders  malting  practicable  in  hot  or 
cold  weather,  without  regard  to  climate  or  season. 

6.  By  this  system  the  grain  is  not  shovelled  at  all,  and 
hence  all  losa  and  injory  by  trampling  is  avoided. 

7.  The  grain  is  germinated  and  dried  evenly  and  perfectly. 

8.  The  mconvenience  and  injury  to  the  men  firom  working  in 
the  high  temperature  of  the  drying-room  is  avoided.  The  men 
are  only  subjected  to  ordinary  temperatures  during  their  work, 
whether  germinating  or  drying  the  malt. 

9.  The  grain  is  germinated  and  dried  on  the  same  floor  or 
snr&ce,  so  that  no  re-handling  is  necessary  before  the  process 
of  drying. 

10.  It  is  eatimated  that,  by  this  system,  one  man  can  eaaily 
do  the  work  requiring  twenty  men  under  the  old  systema. 
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11.  The  enormous  redaction  of  skilled  labour  will,  therefore, 


be  readily  appreciated.    One  or  two  skilled  workmen,  with  a 
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few  ordinary  laboarers,  can  bEindle  the  entire  malting  buBiuesa 
for  a  large  establishment. 

12.  At  all  parts  of  the  procesB,  ample  provision  is  made  for 
lightening  up,  OTertoming,  and  thoronghly  aeratmg  the  grain 


Dbscbiption  of  Piob.  &5  a 


t.  EUBe-bottoma  of  ditto. 
!.  FhiM  ttdiauctiiur  air  Iroi 
>.  A&-fliie,  into  irtddi  C  d 


H.  Coke-chamber. 

N.  Coke-sprinkling  idpe. 

O.  Poameefl  for  air  fiom  ooke-o}iambei  to  oonoh-tanka . 

F.  Regulatiiig'  slides  for  tn^rreee  of  air  from  wiOioat. 

Q.  Ditto  for  eipnlaion  of  air. 


without  breaking  or  injuring  it,  and  without  the  possibility  of 
its  matting  or  growing  togeuier,  or  becoming  soar  or  otherwise 
impaired  in  ijnality.  All  this  work  is  effected  in  the  simplest, 
most  convement,  and  economical  manner. 

13.  The  macbinery  employed  in  the  procees  is  simple,  and 
can  be  nnderstood  and  operated  by  any  ordinary  labourer.      It 
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is  bI&o  of  the  most  durable  character,  and  rec|tures  bat  little 
power.  No  increase  of  power  will  be  needed  in  any  ordinary 
establishment. 

Other  syBtems  of  rotatory  pneumatic  malting  are  known 
chiefly  W  the  name  of  their  inventors,  as  the  Marbean,  Golay 
(Paris),  Fischer  (Gratz),  Volkner,  Mantner,  Markhof  (Vienna), 
Hmby,  and  Heindl  (Fragae),  &c.,  &c.  These  have  been  all 
Bapplemented  by  a  farther  invention  of  M.  Galland,  of  which 
the  following  pfa^icalars  furnish  a  description. 

M.  Galland,  after  lengthened  ezpenment  and  nmneroas 
trials,  decided  to  adopt  a  system  of  application  of  slowly- 
moving  cylinders  in  pt«ference  to  fixed  mt  floors.  An  earher 
form  of  this  system  is  shown  by  Figs.  66,  56  and  57. 

The  most  leoent  invention  is  illastrated  by  Figs.  68  and  59. 
These  cylinders  ore  each  of  a  capacity  eqaal  to  one  day's  steep  ; 


accordingly,  a  malting  woold  have  at  least  twelve  of  them 
arranged  in  a  floor  below  the  Bteeping-cietems. 

The  corn,  after  steeping,  is  dropped  into  a  cylinder,  in  which 
it  is  kept  moving  as  mncn  as  is  necessary,  ana  is  eapplied  with 
air,  hot  or  cold,  wet  or  dry,  as  the  circomstances  of  tne  growing 
grain  demand. 

When  safficiently  grown,  the  cyhnder  itself  is  removed 
bodily  into  the  kiln,  and  the  drying  is  effected  within  it.  (See 
Fi^.  58  and  59.) 

The  following  elaborate  tables,  showing  the  cost  of  the  erec- 
tion and  working  of  three  different  processes,  have  been  pre- 
pared by  M.  Galland.  Althongh  I  do  not  admit  the  accoracy 
of  all  these  calculations,  on  the  whole  they  are  worthy  of  the 
careful  study  of  everyone  interested  in  the  matter.  The  cost 
of  installation-charges  for  workmen  and  values  of  product 
necessarily  may  vary  &om  the  actual  facts  known  to  maltsters. 
Still,  on  the  whole  the  comparison  is  a  fair  one,  and  the  result 
is  approximately  correct. 
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Fio.  58— Gallamd'b  Rotabt 


Fio.  69.— Oalland's  Botaet  Fniuhatio  U. 
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A  very  clever  continental  writer*  states,  in  concise  form,  the 
chief  objections  that  are  at  present  urged  against  these  forms 
of  mechanical  pneumatic  malting : — 

"1.  The  germination  of  the  grain  is  beyond  control  during 
the  whole  continuance  of  the  malting  process,  as  it  is 
absolutely  useless  to  depend  upon  single  samples  drawn  from 
the  chamber  or  cylinder.  Every  good  maltster  recognises 
the  importance  of  ascertaining  the  temperature,  humidity, 
and  progress  of  growth  on  each  part  of  the  floor.  In  the 
middle  or  at  one  end  these  may  be  quite  different  to  what 
they  are  at  the  other  end  or  at  the  side  next  the  door, 
whence  the  samples  are  drawn.  Of  this  there  cannot  be 
better  proof  than  the  balling  or  matting  of  the  malt,  so 
common  in  mechanical  malting  apparatus.  The  opportunity 
of  sprinkling  the  floors  is  lost  too,  although  it  is  most  neces- 
sary. The  circulation  of  air  of  an  uniform  humidity  is  also 
often  practically  impossible. 

"  2.  The  air-supply  in  most  mechanical  maltings  is  as 
defective  as  on  any  ordinary  malting-fioor,  where  it  can  be 
assisted  by  spreading  the  grain  to  facilitate  aeration.  The 
exceptionally  narrow  passages  for  the  air,  the  number  of 
comers  and  bends,  at  least  in  apparatus  on  Gecmen's 
principle  of  superposed  perforated  plates,  all  hinder  the 
progress  of  the  air,  and  deprive  it  of  the  requisite  freedom 
of  circulation  ;  whence  it  follows  that,  despite  the  high 
velocity  at  which  the  air  passes  through  the  ai)paratus,  there 
are  stagnating  strata  which  offer  special  facilities  for  the  de- 
position of  moisture  and  the  growth  of  mould. 
''  3.  The  greatest  objection  of  all  to  mechanical  malting 
apparatus  is  the  want  of  cleanliness,  inasmuch  as  it  is  almost 
impossible  to  keep  every  portion  clean  in  an  apparatus  of 
which  a  large  part  is  out  of  reach  and  sight.  All  the  con- 
ditions favourable  to  the  development  of  mould  are  present 
in  mechanical  malting  apparatus,  and  whenever  the  latter  is 
worked  without  more  than  ordinary  care  and  precaution, 
this  foe  is  sure  to  make  its  appearance,  never  again  to  be 
fully  rooted  out.  There  are  other  defects  besides — such,  for 
instance,  as  that  the  Iskcquer  on  the  gutters  of  a  mechanical 
malting  apparatus  is  wanting  in  durability.  An  anonjrmous 
corresiKjndent  to  The  American  Brewers'  Journal  (N.Y.),  states 
as  follows : — *  When  we  began  malting  this  autunm  the 
'  gutters  were  like  glass,  but  at  the  end  of  six  weeks  they 
'  began  to  rust  as  much  as  ever,  particularly  the  sixteen  top- 
'  most  tiers ;  the  twelve  under  ones  appeared  to  resist  better. 
'  Of  course  these  rusted  gutters  are  hard  to  keep  clean,  and 
*  offer  a  convenient  lodgment  for  dust.  In  cold  weather  it 
'  might  not  be  difficult  to  obviate  the  evil  of  washing  down 
'  twice  a  day,  but  in  hot  weather,  under  like  conditions,  it 
'  would  be  impossible  to  prevent  mould.    I  scarcely  think 

*  Die  Malzerei  der  Zukunft.  Allgetneine  Zeittehrift  fur  BUrbrauerei  und  Malz- 
fabrication,  April  1881. 
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'  *  that  my  apparatus  will  hold  out  ten  years  against  the  met, 
'  '  with  the  best  of  care  and  ventilation.' 

*'  This  was  the  opinion  of  a  practical  maltster,  who  has 
'  worked  with  the  apparatus  for  two  and  a-half  years,  and 

*  who  on  the  whole  hkes  the  results  of  the  working. 

'^  To  such  defects  must  it  be  attributed  that  mechanical 
'  malting  has  been  so  little  adopted,  although  ten  years  have 
'  now  elapsed  since  its  introduction ;  and  it  may  be  predicted 
'  with  tolerable  certainty  that,  save  in  exceptional  cases,  it  will 

*  presently  disappear." 

The  foregoing  tables  and  data,  in  conjunction  with  the  follow- 
ing prskcticaJ  directions  to  work  a  Saladin  malt-house,  may  aid 
to  elucidate  the  question  for  those  who  have  no  actual  technical 
experience  of  it. 

In  a  house  with  two  cisterns  and  four  germinating  cases  the 
steeping  will  occur  every  other  day,  and,  consequently,  once  in 
each  cistern  every  four  days.  One  case  will,  therefore,  be 
charged  every  two  days,  and  the  top  floor  of  kiln  will  be  loaded 
with  the  same  £re<|uency. 

In  carrying  this  out  the  ordinary  routine  of  work  must 
accordingly  be  as  follows : — 

First  Day. 

Unload  bottom  floor  of  kiln. 

Discharge  top  floor  to  the  bottom  or  finishing  floor. 

Load  green  malt  to  top  floor. 

Thoroughly  clean  and  wash  germinating  case. 

Discharge  steeped  com  from  cistern  to  case. 

Clean  cistern. 

Attend  to  all  germinating  cases,  fan-turners,  ^changeur,  and 
whatever  may  be  necessary  in  house. 

The  work  of  attending  to  cases,  &c.,  embraces  the  record  of 
all  temperatures.  This  is  preferably  done  every  hour,  and  it  is 
decidedly  best  to  keep  fans  perpetually  at  work,  removing  only 
so  much  air  as  is  needed  to  maintain  temperature  of  com  at 
the  required  point. 

The  turning  of  the  germinating  grain  is  requisite  once  every 
twelve  hours  or  so.  With  the  Saladin  "retoumeur"  this  is  a 
simple  operation. 

Second  Day. 

The  attention  to  kilns  and  floors  has  to  be  continuously 
given  as  on  other  days.  This  time  is  filled  in  with  receiving, 
cleaning,  storing,  or  steeping  com,  and  cleaning  and  delivering 
finished  malt. 

The  practical  directions  for  all  the  varied  processes  involved 
necessarily  vary  in  every  house. 

For  best  record  of  work,  see  Appendix. 

Reviewing  the  present  position  of  pneumatic  malting,  it 
seems  very  probable  that  it  will  be  ere  long  very  extensively 
and  generally  adopted.     Especially  is  this  to  be  expected  in 
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smaUer  houses  working  upon  the  improved  pneumatic  system 
of  hand-malting,  and  in  great  houses  by  the  Saladin  system. 

Examining  the  defects  of  hand-malting,  the  chief  impedi- 
ments to  a  satisfactory  result  lie  in  the  ineq^ualities  of  tempera- 
ture and  humidity  in  the  malt  on  the  growing-floors.  Heat  is 
abstracted  from  the  topmost  layers  by  evaporation,  conduction, 
and  radiation,  assisted  by  a  natural  process  of  ventilation,  by 
which  the  warmer  air  rises  and  gives  place  to  the  colder  strata 
of  fresh  air ;  whereas  the  under  layers  of  grain  part  with  this 
heat  by  conduction  only. 

If,  however,  the  floor  is  perforated,  and  the  pressure  of  the 
air  below  it  is  sufficiently  reduced  to  cause  that  above  the  floor, 
together  with  the  carbonic  acid  gas,  to  seek  a  passage  down- 
wards through  the  grain,  thereby  the  evaporation  is  reduced 
and  uniform  humidity  in  the  grain  is  secured. 

This  is  pneumatic  malting  in  its  simplest  form,  and  to  Herr 
J.  G.  Jacobsen  (Carlsberg)  the  credit  is  due  of  having  taken 
up  this  system,  and  given  to  it  a  certain  degree  of  practical 
development. 

In  this  system  we  have  all  the  advantages  of  hand-malting 
combined  with  much  more  perfect  artificial  ventilation,  whereby 
the  purity,  relative  humidity,  and  temperature  of  the  air  are 
completely  under  the  maltster's  control,  where  nothing  is  out 
of  sight,  where  the  most  scrupulous  cleanliness  is  easily  prac- 
tised, and  where  the  work  can  be  carried  on  at  any  season  of 
the  year.  Apart  from  the  advantages  which  pneumatic 
malting  ensures  in  the  quality  of  the  produce  and  the 
certitude  of  the  results,  the  facility  with  which  the  work 
proceeds  increases  the  capacity  of  the  floors  five-fold,  so  that 
whereas,  according  to  the  present  system  of  hand-malting,  with 
a  ten-day  malting  period,  100  quarters  of  finished  malt  require 
4,000  superficial  feet  of  floor-surface,  on  the  pneumatic  system 
800  feet  suffice. 

The  conversion  of  an  ordinary  malting-house  into  a  pneu- 
matic one,  with  due  care  and  skill,  is  a  very  simple  affair, 
which  needs  no  complicated  apparatus,  and  can  be  carried  out 
at  comparatively  small  cost,  taking  into  account  the  increased 
capacity  of  the  floors. 

A  further  advantage  in  the  pneumatic  system,  is  that  it  can 
be  introduced  without  imposing  the  necessity  of  any  extensive 
changes,  which  in  itself  is  yet  another  proof  that  it  is  justifiable 
to  regard  it  in  the  near  future  as  capable  of  much  extension. 
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CHAPTEE  XV. 

CAPACITIES    AND    COSTS. 

Gapooities :  Dimensions  of  Stores,  Cistem,  Couch,  Growing-Floore.  Kilns : 
Barley-E^ilns,  Fires,  Inlets,  Outlets,  CoaL  Engines.  Elevators.  ScreenF. 
Costs.    Weights. 

Throughout  this  work,  in  various  places,  dimensions  and 
capacities  are  alluded  to  or  directly  stated.  A  short  concise 
chapter  devoted  to  the  subject  may  prove  a  convenience  to 
readers. 

Space-areas  throughout  maltings  vary  materially,  even  in 
maltings  owned  by  the  same .  individuals,  situated  in  close 
proximity,  and  worked  in  the  same  manner.  So  wide  are 
some  of  these  differences,  it  seems  almost  futile  to  strike  an 
average.  Hence  it  is  a  question  in  which  personal  experience 
has  a  direct  value,  especially  if  the  experience  has  been  bought, 
and  the  knowledge  of  the  whole  subject  acquired,  in  many  lands 
and  climes. 

Houses  working  in  a  good  manner,  upon  the  ordinary 
English  and  Stones'  systems,  require  certain  spaces  to  be  duly 
proportioned.  Without  laying  down  the  exact  dimensions  in 
a  dogmatic  manner,  the  following  particulars  have  been  found 
to  work  well  in  many  places  widely  scattered  throughout 
Britain  and  elsewhere. 

Granabies. 

Com-  or  barley-receiving-rooms  and  stores  should  be  suffi- 
ciently large  and  commodious  duly  to  receive,  screen,  and  store 
from  four  to  six  months'  consumption — i.e.,  a  house  steeping 
thirty  quarters  three  times  a  fortnight,  or  fifteen  quarters  every 
two  days,  will  steep  in  four  months  from  720  to  900  quarters 
barley.  In  many  districts  such  a  house  would  require  to  store, 
by  the  end  of  December,  at  least  800  to  1,000  qusirters  barley. 

In  other  districts,  Ireland  for  instance,  much  larger  storage 
capacity  must  be  provided.     In  certain  corn-centres,  or  sea- 
ports, much  less  barley  need  be  stocked  as  fresh  cargoes  can  be 
J)urchased,  or  corn  secured,  at  all  times  and  seasons.     Still  a 
air  storage-capacity  is  of  value  when  prices  are  unsettled,  or 
abnormany  low. 
With  pneumatic  houses  still  larger  capacity  is  essential,  as  it 
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would  happen,  in  many  districts,  that  all  the  com  for  the 
season  must  be  bought  by  February.  This  necessitates  the 
storage  of  seven  or  eight  months'  consumption. 

A  house  steeping  tnirty  quarters  every  other  day  would  thus 
need  a  capacity  of  over  3,000  quarters. 

The  majority  of  maltsters  would,  of  course,  prefer  falling 
back  upon  foreign  supplies,  in  preference  to  this  very  large  store 
of  com,  although  it  should  not  be  overlooked  that  it  is  always 
preferable,  and  less  harmful,  to  store  barley  than  malt. 

In  addition  to  the  actual  space  needed  to  store  a  given  bulk 
of  barley,  it  is  also  requisite  to  allow  some  room  for  cleaning 
and  sorting  purposes. 

It  pays  also  to  attend  to  the  separation  of  different  growths 
of  com. 

Small  bins,  holding  from  twenty-five  to  fifty  quarters  each,  are, 
as  a  consequence,  desirable.  A  large  number  of  small  bins  is 
distinctly  preferable,  for  many  reasons,  to  a  small  number  of 
large  bins. 

A  large  growth  or  bulk  of  a  particular  class  of  barley  can  be 
put  into  several  small  bins  without  loss  or  trouble.  A  small 
growth,  or  a  mixture  of  several  growths,  must  either  be  mixed 
with  more  com,  and  loss  is  inevitable,  or  a  great  loss  of  space 
occurs. 

Undried  com  should  never  be  heaped  to  any  depth  exceeding 
4  feet,  unless  it  is  known  to  be  very  dry. 

An  average  quarter  of  barley  weighs  nearly  4  cwt.,  and 
occupies  almost  10^  cubic  feet  (10' 24  feet). 

Accordingly,  1,000  quarters  barley  weigh  200  tons,  and 
occupy  an  area  (at  4  feet  deep)  of  2,500  feet. 

Malt-stores. 

Commonly  a  malt-store  holds  from  four  to  six  months'  output 
of  malt.  A  house  in  which  fifteen  quarters  are  steeped  every 
two  days  will  occasionally  have  accumulated  within  it  in  six 
months  over  1,300  quarters  of  malt. 

A  pneumatic  house  ought  not  to  accumulate  three  months' 
"make.'; 

No  objection  can  be  raised  to  putting  malt  into  deep  stores. 
In  many  cases  it  is  desirable  to  have  small  but  deep  bins. 

No  partition  or  boarding  should  he  fixed  in  a  malt-store  upon 
any  pretence,  excepting  the  splines  on  walls  and  rightups 
needed  to  form  divisions.  Where  practicable,  these  are  also 
better  portable. 

In  malt-stores  room  has  generally  to  be  provided  for  rounding 
up  or  heaping  from  kiln,  treading,  and  screening. 

One-fourth  the  area  of  kiln-floor  commonly  suffices  for  these 
purposes. 

In  maltings  of  a  capacity  exceeding  thirtjr  quarters  steep,  it 
is  always  better  to  keep  the  malt-store  entirely  distinct  &om 
granaries.  The  best  plan,  when  practicable,  is  to  make  it  a 
distinct  and  separate  building. 
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The  capacity  has  to  be  ruled  by  local  and  special  require- 
ments. 
A  quarter  of  malt  weighs  only  3  cwt. 

Cistern. 

Many  people  allow  12^  feet  per  quarter  steeped  as  the  limit 
of  capacity  of  cistern.  This,  however,  is  not  enough.  It  is 
not  wise  to  allow  less  than  14  feet  per  quarter.  Thus  a  house 
wetting  fifteen  quarters  every  other  day  requires  two  cisterns, 
each  of  a  capacity  of  at  least  ^0  feet.  A  thirty  quarter  house, 
working  twice  a  week,  requires  one  cistern  of  420  feet. 

Couch. 

Where  a  couch-frame  is  formed,  a  capacity  of  14  to  15  feet  is 
requisite.  When  a  cistern  wets  for  two  floors,  it  is  preferable 
to  construct  one  couch-frame,  and  to  open  out  for  the  second- 
floor.  Each  cistern  must,  however,  nave  a  couch-frame,  if 
placed  on  different  floors.  When  two  cisterns  come  together, 
one  couch-frame  suffices  for  both  cisterns. 

Thus  in  a  house  wetting  thirty  quarters  every  four  days,  a 
couch-frame  is  needed  of  a  cubic  capacity  of  about  450  feet,  or 
possessing  a  superficial  area  of  180  feet.  This  would  be  6  feet 
wide  and  30  feet  long. 

If  in  the  same  house  fifteen  or  sixteen  quarters  were  wetted 
every  two  days,  the  couch-frame  would  be  only  225  cubic  feet, 
or  90  feet  area.  This  would  be  20  feet  long  by  4  feet  6  inches 
wide,  or  any  other  suitable  and  convenient  dimension. 

Floors. 

In  calculating  floor  areas  it  is  necessary  to  recognise  many 
contingencies  of  position,  site,  mode  of  use,  &c.  ff,  however, 
200  feet  per  Quarter  steeped  be  allowed,  and  the  capacities  of 
cisterns  and  kilns  are  liberally  calculated,  a  floor  can  be  made 
to  work  properly  to  its  full  capacity  under  all  circumstances. 

Thus,  if  a  house  is  intended  to  wet  fifteen  quarters  every 
other  day,  or  thirty  quarters  four  times  a  fortnight,  and  6,000 
feet  of  floors  have  been  constructed,  it  will  often  happen  in 
cold  sharp  weather,  and  with  certain  barleys,  that  the  actual 
capacity  of  the  house  is  thirty-eight  to  forty  quarters.  By 
working  it  fully,  if  the  floors  are  of  good  proportions,  so  much 
as  twenty  quarters  every  other  day  could  be  safely  and  properly 
grown  upon  them.  In  some  districts  even  more  could  be 
worked  by  some  men. 

Probably  180  feet  per  quarter  is  the  safest  general  average 
spaqe. 

Kilns. 

Ford  says :  *  ''  Kilns  should  not  have  less  than  20  super- 
''  ficial   feet  for  every  quarter  of  malt  to  be  dried,  to  be 

*  FoBO,  Malting  and  Brewing,  p.  137. 
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*'  enabled  to  dry  off  the  entire  steeping  at  once.  But  if 
"  25  feet  be  allowed  the  whole  steep  can  be  dried  off  in 
**  three  days." 

Doubtless  he  meant  by  this  to  allow  25  feet  for  each  quarter 
of  barley  steeped  (not  **  malt  to  be  dried  ").  If  so,  the  allow- 
ance is  not  enough. 

No  pale-malt  kiln,  under  any  circumstances,  should  ever 
have  less  than  33  feet  per  quarter  of  barley  steeped. 

Thus  a  kiln  drying  the  malt  grown  in  a  house  steeping  fifteen 
quarters  every  other  day,  must  have  a  floor-area  of  1,000  feet. 
This  is,  of  course,  best  arranged  in  two  floors  of  about  500  feet 
each,  or  say  22  feet  6  inches  square. 

The  folly  of  putting  ten  or  more  inches  of  green,  wet  malt  on 
a  kiln  will  eventually  be  realised,  and  the  practice  will  be 
abandoned. 

When  a  separate  barlej-kiln  is  constructed,  it  need  never  be 
made  to  exceed  20  feet  square,  excepting  for  very  large  malt- 
ings.  It  is  safer  to  allow  an  area  of  40  feet  per  quarter  for 
sweating  purposes. 

The  heights,  dimensions  of  fires,  and  areas  of  inlets  and  out- 
lets to  kilns  have  to  be  regulated  each  by  the  other.  They  are 
in  turn  all  controlled  by  site  and  nature  of  malt  required.  Thus, 
for  high-coloured  malt,  every  dimension  would  vary  from  those 
best  adapted  to  produce  pale  or  white  malt. 

The  sum-total  of  the  inlets  should  exceed  the  outlet.  Where 
possible,  one  outlet  only  should  be  permitted.  The  height 
of  fire-bars  should  never  exceed  2  feet  8  inches  from  the 
floor. 

The  drying-floor  (unless  for  brown  or  similar  malts)  should 
never  be  within  10  feet  of  the  fire-bars ;  it  need  never  exceed 
18  feet  for  the  whitest  malt. 

The  two  drying-floors  should  never  be  closer  to  each  other 
than  6  feet. 

No  pale-malt  kiln  should  ever  be  less  than  45  feet  high. 
The  largest  kiln  need  not  exceed  75  feet  in  total  height. 

Spark-  or  baffle-plates  are  quite  unnecessary  for  distribution 
of  draught  or  heated  air  in  any  well-proportioned  kiln, 
possessing  a  good  fire-place,  unless  a  large  amount  of  kiln-dust 
is  allowed  to  accumulate  upon  the  top  of  the  furnace.  Should 
such  carelessness  be  permitted,  then  a  baffle-plate  is  useful 
to  prevent  the  kiln-dust  firing  readily  and  smoking  the  malt. 

Brown-malt  kilns  can  be  made  much  smaller  in  all  points 
excepting  outlet  and  furnaces.  80  feet  per  quarter  is  needed 
to  dry  brown  malt  properly.  It  is,  however,  much  to 
be  desired  that  no  mote  kilns  for  this  purpose  should  ever  be 
erected. 

COAIi. 

One  ton  of  anthracite  coal  occupies  about  40  cubic  feet. 
,,  bituminous  coal      ,,  „      45        ,, 

tf  coke  ,,  ,,      55        ,, 
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Engine. 

A  three-horse  power  (nominal)  engine  with  four-horse  power 
boiler,  or  a  three  and  a-half  horse  power  gas-engine,  can,  if 
rightly  designed  and  properly  managed,  do  all  the  work  of 
pumping,  elevating,  loading,  screening,  &c.,  of  any  sized 
English  malting  not  exceeding  120  quarters  steep.  It  is,  how- 
ever, always  a  mistake  to  employ  engines  of  small  size.  An 
engine  to  work  well  and  economically  must  be  considerably 
stronger  than  the  aggregate  of  the  work  it  has  to  perform. 

Pneumatic  houses  require  considerably  more  power  than 
other  houses,  as  the  fans  and  other  machinery  necessarily 
absorb  a  considerable  amount  of  power.  Each  bouse  should 
have  this  matter  carefully  calculated  according  to  its  design 
and  method  of  working. 

Elbvators. 

No  barley-elevator  should  be  fixed  that  cannot  easily  raise 
twenty  quarters  per  hour.  In  houses  of  sixty  quarters  steep 
and  upwards,  forty  to  fifty  quarters  per  hour  is  more  satisfac- 
torily worked. 

SCBEENS. 

A  screen  capable  of  properly  grading,  sorting,  and  cleaning 
eight  quarters  per  hour,  is  quite  large  enough  for  any  malt- 
house  of  a  capacity  of  120  quarters  steep,  or  even  larger. 
Three  to  four  quarters  per  hour  is  quite  sufficient  for  a  ninety- 
quarter  house. 

The  general  dimensions  of  pneumatic  houses  are  not  given. 
No  maltster  will  find  it  profitaole  in  the  end  to  design  a  house 
of  this  class  without  skilled  assistance. 


Cost. 

Twenty-five  years  ago  Ford  estimated  the  average  cost  of  a 
simple  malt-house  at  £53  per  quarter  steeped.*  This  must  be 
exclusive  of  cost  or  value  of  site  and  tools. 

It  is,  of  course,  possible  to  strike  an  average  cost  of  houses 
built  for  any  particular  period ;  but  it  does  not  follow  that  such 
an  average  is  the  slightest  guide  for  any  particular  house  about 
to  be  erected. 

The  factors  to  be  considered  are  r—Site :  its  intrinsic  value, 
water-supply,  and  accessibihty.  Dimensions  and  character  of 
house  to  oe  erected.  Local  value  of  materials  and  labour. 
Quality  of  materials  employed  and  character  of  work  done. 

Let  all  these  be  ascertained  and  determined,  and  the  cost  of 
a  house  can  be  estimated  with  accuracy.  Leave  any  one  of  the 
factors  out,  and  the  total  cost  may  be  considerably  enhanced. 

A  plain,  simple  house,  badly  fitted  and  constructed,  may  be 

*  FoBD,  Malting  and  Brewing,  p.  141. 
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built,  under  favourable  local  conditions,  for  £50  per  quarter,  or 
even  less. 

An  elaborate  and  first-class  house,  badly  placed,  may  cost  as 
much  as  £130  per  quarter,  if  site  and  tools  are  included. 

A  house  on  the  Stopes'  system  necessarily  costs  less  than 
any  other,  as  two  small  cisterns  cost  less  to  make  and  work 
than  one  large  one,  and  a  kiln  22  ft.  square  must  cost  less 
primarily  than  another  of  31  ft.  square.  The  effective  capacity 
of  the  smaller  kiln  would,  in  addition,  be  much  greater  and 
cost  of  working  less. 

Still,  with  all  my  experience  of  the  subject,  I  cannot  pretend 
to  give  an  estimate  of  the  approximate  cost  of  any  hypothetical 
house. 

Cost  op  Making  Malt. 

The  expenses  of  manufacture  necessarily  vary  widely.  The 
chief  customary  items  ar^ 

I.  Bent,  or  capital  outlay  involved  in  premises,  plant,  &c. 
n.  Capital  charges,  working  capital,  loans,  stocks,  dec. 
III.  Bates  and  taxes. 

lY .  Depreciation  of  premises,  plant,  and  stocks. 
y.  Management  charges,  salaries,  wages,  &c. 
YI.  Bail-  or  other  carrying  charges,  porterage,  &c. 
YII.  Fuel  and  other  materials. 

To  strike  an  average  of  working  charges  applicable  to  all 
cases  or  circumstances  is  manifestly  useless. 

Thus  a  maltster  who  hires  a  house  at  20s.  per  quarter  steeped 
per  annum,  pays  very  low  rates,  taxes,  and  wages,  gets  all  the 
barley  delivered  by  growers  to  the  malting  free  of  charge,  and 
who,  in  addition,  spends  no  labour  or  money  upon  the  cleaning 
of  his  com,  obviously  makes  malt  at  less  than  half  the  cost  of 
another  man  who  builds  a  handsome  new  house  at  a  cost  of 
£120  per  quarter  in  a  city  or  borough  subject  to  high  rates  and 
taxes,  in  which  all  the  com  has  to  pay  city  dues,  carriage,  and 
porterage,  and  the  com  is  all  handled  and  graded  in  the  most 
elaborate  and  expensive  fashion. 

It  is  possible  to  make  malt  at  a  nett  cost  of  2s.  9d.  per 
quarter,  exclusive  of  increase,  if  only  actual  disbursements  are 
conside^d ;  imd  I  know  some  houses  in  which  the  trae  cost 
exceeds  9s.  per  quarter. 


£ 

Depreciation  of  premises  at  four  per  oent.  160 


Thirtj-quarter  house  costioff  £4,000  involves  an  annual  charge  of .        240 

~>epreciation  of  premises  at  f  o      _ 

Value  of  implements  and  tools,  £1,000  at  six  per  cent.  60 


Depreciation  of  ditto  at  ten  per  cent 100 

Working  capital  locked  up,  £3,000  at  five  per  oent 150 

Rates  and  taxes 40 

Management  and  wages — supervision  £100,  two  men  and  boy  £150  250 

Fuel,  oil,  bisolphite  m  lime,  and  sundries       120 

Freights,  porterage,  horse-keep,  &o . .  380 

Total  outlay  and  charges 1,500 

The  total  output  of  a  thirty-quarter  malt-house  as  frequently 
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worked  is  under  2,500  quarters  per  annum.  This,  accordingly 
makes  the  legitimate  estimate  of  cost  of  malting,  under  such 
circumstances  as  the  above  estimate  recognises,  at  the  very 
high  figure  of  12s.  per  quarter. 

Table  of  Weights. 

Barley,  Chilian,  Algerian,  Smyrna,  &c.,  from  3cwt.  to  4cwt. 
per  quarter. 

Barley,  Eastern  Counties,  from  3cwt.  Iqr.  to  4cwt.  Oqr.  16  lbs. 
per  quarter. 

Barley,  Scotch,  from  3  cwt.  2  qrs.  to  4  cwt.  0  qr.  24  lbs.  per 
quarter. 

Malt,  whole,  1024  feec  per  quarter,  from  2 cwt.  2 qrs.  to 
3  cwt.  per  quarter. 
Malt,  ground,  12  feet  to  12'5  feet  per  quarter. 
Bricks,  8i"  x  4 J"  x  2i",  each  7  lbs.,  or  63  cwt.  per  1,000. 
Brickwork,  per  cubic  foot  in  mortar,  116  lbs.,  ruled  by  dry- 
ness, several  pounds  per  foot. 

Brickwork,  per  cubic  foot  in  cement,  120  lbs.,  ruled  by  dry- 
ness, several  pounds  per  foot. 

Tiles,  paving,  6"  x  6"  x  1"  square,  each  2Jlbs.,  20cwt.  per  1,000. 
Slates,  per  square,  Duchesses,  7  cwt.  2  qrs. 

Countesses,  6  cwt.  3  qrs. 
Ladies,  6  cwt. 
Portland  cement,  76  lbs.  to  85  lbs.  per  foot  cube. 

„  „      110 lbs.  per  bushel  (average). 

Oak,  English,  49  lbs.  to  50  lbs.  per  foot  cube. 
Pine,  red,  40  lbs.  per  foot  cube. 

yellow,  33  lbs.  per  foot  cube. 

fir,  Dantzic  or  Memel,  35  lbs.  to  38  lbs.  per  foot  cube. 
Water,  62J  lbs.  per  foot  cube. 
„        10  lbs.  per  gallon. 
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TOOLS  AND  APPARATUS. 


Tools  and  Apparatnn — 
Anemometers.  Barrows.  Brooms.  Brushes.  Cans.  Chondrometers. 
Cisterns.  Cleaners.  Conyeyors.  Coolers.  I>isper8er8.  Echangeurs. 
Elevators.  Engines.  Fans.  Inters.  Eire-irons.  Forcing-tray.  Forks. 
Gktaging-rods.  Gelatinisers.  Germinators.  Graders.  Hoists.  Hose. 
Hommellers.    Hygrometers.    loe-machines.    Lifts.    Lubricators. 

The  number  of  tools  and  appliances  used  by  maltsters  has 
very  greatly  increased  during  the  past  twenty  years. 

The  list  of  those  actually  in  use  is  already  of  considerable 
length,  and  it  promises  to  augment  with  rapidity.  It  embraces, 
amongst  othera.  the  Mowing :- 


Anemometers. 

Barrows. 

Brands. 

Brooms. 

Brushes. 

Cans. 

Chondrometers. 

Cisterns. 

Cleaners. 

Conveyors. 

Coolers. 

Dispersers. 

Echangeurs. 

Elevators. 

Engines. 

Fans. 

Filters. 

Fire-irons. 

Forcing-trays. 

Forks. 

Gauging-rods. 

Gelatimsers. 

Germinators. 

Graders. 

Hoists. 

Hose. 


HummeUers. 

Hygrometers. 

Ice-machines. 

Lubricators. 

Malt-crushers. 

Measures. 

Microscopes. 

Mills. 

Pattens. 

Ploughs. 

Psy  chrome  ters. 

Pumps. 

Purifiers. 

Begulators. 

Boasters. 

Sacks. 

Sackholders. 

Samplers. 

Screens,  Barley. 

Screens,  Malt. 

Shovels. 

Shppers. 

Spargers. 

Steam-boilers. 

Stencil  plates. 

Testers. 
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Thennometers.  Valves. 

Tiers.  Washers. 

Treaders.  Weighing-machines. 
Turners. 

The  whole  of  the  preceding  tools  are  not  yet  generally 
employed  in  English  maltings,  although  a  number  of  maltsters 
are  familiar  with  their  use.  A  few  others  not  tabulated,  of  a 
costly  and  delicate  character,  are  occasionally  used  by  a  very 
small  number  of  men. 

Some  things,  such  as  taps,  lamps,  mops,  oil-cans,  baskets, 
shafting,  pipes,  belting,  &c.,  are  not  tabulated  or  described,  in 
consequence  of  their  general  application. 

Where  practicable  the  present  average  value  of  each  article 
is  ajppended. 

Cisterns  and  cowls  have  already  been  considered,  under 
"  Construction." 

Anemometebs. 

Anemometers  are  rarely  used  by  maltsters.  They  are,  how- 
ever, of  great  utility  and  value.  By  their  use  the  true  volume 
of  air  entering  and  leaving  a  kiln  can  be  determined.  The 
instrument  that  accurately  gives  the  velocity  of  air-currents  is 
the  best  for  a  maltster's  use. 

Very  numerous  forms  of  anemometers  are  in  use. 

Babrows. 

Several  forms  of  barrows  are  in  use,  viz.,  sack-barrows  of 
iron  and  wood,  malt-barrows,  sack  hoisting-barrows,  or  portable 
sack-hoists,  coal-barrows. 

Sack-barrows  are  strong  and  convenient  if  made  of  wood,  as 
Fig.  60,  or  of  iron,  as  Fig.  61.  The  sizes  vary  from  3'  4"  high 
to  4'  10",  and  they  cost  from  lis.  to  30s.  The  best  form  are 
always  provided  with  indiarubber  tyres. 

Another  form  of  barrow  frequently  found  useful  in  small 
makings,  is  a  combined  barrow  and  lifter,  see  Fig.  62.  With 
these  barrows  one  man  can  shoulder  a  sack  with  comparative 
ease.  They  are  constructed  with  a  rack  (as  illustration),  or 
the  lift  is  worked  with  chains,  ratchet  pinion,  and  pawl.  The 
cost  of  a  barrow,  with  rack,  is  50s.  to  55s.,  and  with  chains 
from  60s.  to  65s. 

Another  form  of  barrow  combines,  in  addition,  a  portable 
weighing  machine,  as  Fig.  63.  A  barrow  of  this  description 
costs  over  £6. 

A  sack-holder,  to  keep  open  the  mouth  of  sacks  when  filling, 
is  also  combined  with  barrows,  but  they  are  only  rarely  used. 
They  cost  308. 

Malt-barrows  var^  considerably  in  shape,  manufiacture,  and 
use.  At  least  ten  different  forms  are  in  general  use  in  British 
maltings.  They  convey  dry  corn  to  steep,  steeped  corn  to 
couch,  split  up  couches,  carry  green  malt  forward,  or  to  kilns, 
and  dry  malt  trom  kiln  to  store,  &c.,  &c. 


TOOLS  AND  APFAHATUS.  26 

An  ordinary  wooden  or  wicker  trongh  on  long  be&rera  c 


FlO.  60.— WOODBN   Sack-b&krow. 


Fro.  61, — Ieon  Baci' 


bandies,  of  any  form  and  capacity  below  tbree  busbels,  con  be 
ased  economically. 
Sucb  trodgbs,  or  baskets,  are  often  mounted  on  roonded 


Fio,  8S.— Sacx- 


nmners  or  bearers  of  wood,  and  dragged  along  the  floor.     This 
practice,  at  any  stage  of  malting,  is  unwise  and  wasteful. 
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Light  Bemi-circolar  sheet-iron  drums,  on  wheels  of  large 
diameter,  with  indiarubber  t3nre8,  are  most  liked. 

Coal-barrows  are  any  common  type  of  wooden  or  iron  barrow. 
(Fig.  64.)  They  are  required  only  in  maltings  badly  designed, 
or  of  very  large  size. 


Fia,  M.— CoAL-BABKOtr. 

Bboous. 


Hair,  birch,  bass,  and  ling  brooms  are  used  by  maltsters, 
and  hand-scrubbing  brushes  should  be  used  in  eistems  with 
advantage.  Long-handled  Dutch  hair  brooms,  and  short  bond 
sweeping  brushes  are  used  in  malt-stores  and  granaries. 


The  bass  brooms  with  the  tufts  inserted  in  solid  stocks  are 
most  liked.  Tbey  are  known  as  "Horsey's  patent,"  and  are 
illustrated  by  Figs.  65-68. 


A  can  or  watering-pot  should  hold  three  to  four  gallons.  Two 
kinds  are  used.  One  with  an  ordinary  rose  for  washing  floors 
and  cisterns  may  be  nsed.    For  this  purpose  any  type  of  can 
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wiU  do.  The  other  is  required  for  watering  the  growing  grain 
or  sprinkling,  and  requires  a  rose  with  very  fine  perforations. 
The  form  patented  by  Le  Butt,  with  a  long  perforated  spout 


Fio.  69.— Watering  Can. 

(Fig.  69),  is  the  best  for  use  in  every  way.  Water  is  best 
added  to  young  floors  in  a  fine  spray.  In  very  large  houses  a 
length  of  hose,  with  a  fine  rose  affixed,  is  used,  but  unless  the 
water-meter  is  carefully  read,  the  quantity  of  water  used  is  apt 
to  be  excessive  or  irregular. 

Chondbometebs. — See  Measures. 
Cleanebs. — See  Screens  and  Washers. 

CONVEYOES. 

In  large  maltings  or  granaries,  conveyors  are  impc^ant  and 
valuable  labour-saving  appliances. 

Very  numerous  kinds  have  been  invented,  particularly  in 
America.     Three  main  types  of  conveyors  exist,  viz. — 

1.  Those  that  travel  with  the  grain ;  belts,  as  Fig.  70. 

2.  Those  that  push  forward  the  grain,  as  Figs.  71-73. 

3.  Transport-screws,  sometimes  called  Archimedean  screws. 
Figs.  74,  75.  Of  these  the  first  are  best  used  wherever 
practicable.  Belts  8  to  20  in.  wide  running  at  proper  speeds 
can  carry  enormous  quantities  of  grain  very  great  distances 
with  the  expenditure  of  small  force. 

A  belt  is  the  best  conveyor  of  green  malt  from  floors  to  kiln. 
At  this  stage  malt  will  readily  run  up  an  incline  of  45^. 

The  best  material  for  loading-belts,  yet  found  is  indiarubber. 

In  carrying  corn  from  screens  to  bins,  it  can  be  struck  into 
any  bin  by  a  portable  distributor  fitted  with  spouts  and  regu- 
lating slides.     (See  Fig.  74.) 

When  a  distributor  is  used,  the  belt  should  not  exceed  a  speed 
of  500  feet  per  minute.  When  unscreened  malt  is  carried,  the 
spouts  have  to  be  carefully  devised  and  set  out  to  prevent  the 
combes  blocking. 

The  speed  has  to  be  regulated  by  the  character  of  grain 
carried. 

Care  is  also  needed  to  arrange  the  guide-puUeys  in  the  best 
form. 
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CoDTeyors  that  paeh  forward  the  grain  are  represented  by 
Figs.  71  to  73.  Each  of  these  plana  is  a  modified  mode  of 
worldDg  the  same  principle. 


Fio.  71.— Habrisom  Conybioh. 


The  Harrison  conveyor  (Fig.  71)  coDsists  of  a  strong 
wroQght-iron  chain,  to  which,  at  suitable  and  regular  intervals, 
push-plates  are  attached  by  a  (patent)  wronght-iiOD  link.     The 


troQgh  is  made  so  that  the  grain  gravitates  towards  its  deepest 
part,  and  the  plates  are 'shaped  to  fit  it,  so  that  every  particle  is 


removed.    The  plates  and  chain  are  propelled  by  a  spoked  and 
indented  wheel  attached  to  any  shafting. 


Fio.  74.— BiLr-Hopp»H, 


The  link-belt  (Fig.  72)  is  similar.     The  scrapers  are  attached 
to  a  link-belt  of  malleable  iron  links  (Fig.  75). 
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All  conveyors  of  this  class  are  entirely  self-cleaning,  and 
they  require  less  power  than  a  screw. 

Screw-conveyors  ar«  of  two  classes— con- 
tinuons  worm,  or  intermittent  blade.  (See 
Figs.  76,  77.) 


Fto.  77.— Van  Oeldib's  Intebkittsht  Scaiw-Cohtbtok. 


For  short  distances  and  for  diy  malt  these 
conveyors  are  effective,  useful,  and  economical. 
They  injure  green  malt,  and,  when  of  con- 
siderable leng^,  absorb  much  power. 


COOLEBS. 

These  are  very  important  implements    in 
mod«m  maltinga,  as  upon  their  effective  capa- 
city the  entire  success  of  the  working  depends, 
gj  The  coke-tower  invented  by  M.  Qalland  very 

H  effectually  accomplishes  the  cooling  and  moist- 
%  eniug  of  the  air  driven  through  a  mEdthonse. 
S  It  consists  of  a  tower  or  building  of  consider- 
i  able  height  and  size  (see  Fig.  62),  filled  with 
S  gas-coke,  porous  bricks,  or  other  similar  ma- 
*"  terial,  upon  which  a  constant  stream  of  water 
a  descends  from  a  series  of  finely-perforated  pipes. 
■  The  air  is  driven  or  drawn  through  the  satu- 
^  rated  mass,  and  becomes  snfBciently  cold,  even 
u  in  the  hottest  weather,  to  control  growing 
^  grain  at  a  depth  of  upwards  of  3  feet. 
g  By  this  plan  a  considerable  volume  of  water 

g        is  constantly  required. 

g  A  more  ef&cient  and  simpler  apparatus  has 

u        been  designed  and  patented  by  M.  Saladin. 
J;        This  is  known  as  an  ichangeur.    This  is  a  very 
"        ingenious  application  of  the  well-understood 
£        rapidity    of  evaporation  of  any  Uqnid  when 
spread  out  in  very  thin  layers  over  laive  sur- 
faces and  exposed  to   a  current  of  aur.     It 
consists  of  a  cylinder,  or  series  of  cylinders, 
of  increasing    diameter,    placed    one    within 
anotber.     Each  consists    of   finely-perforated 
sheet-iron.     They  are  placed  in  a  trough   of 
water,  just   sufficiently   immersed    to   ensure 
complete  wetting.    When  rotated  at  a  slow 
speed,  the  sur&ces  of  all  the  cylinders  are  kept  just  moist- 
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ened.     A  volame  of  air  ia  either  driyen  or  drawn  tbrotigh, 
as    may    be   required    for  any    particnlar    purpose.    In  the 


Fta.  Ttl.— Saladdt's  Echakqivb,  Sictiohal  Pi-ah. 


model  malting,  as  Bhown  at  Fig.48,  p.  230  (taken  from  that 'shown 
at  work  at  the  Brewers'  Exhibition,  London,  1863),  the  air  was 


Fio.  79  . — Balasut's  EcHAnaiitB,  TaAitawwi  Sbction. 

driven  throagh  the  ^changeur  and  thence  throngh  the  germinat- 
ing barley.      Here,  or  as  employed  in  the  malting  illostrated, 

S  2 
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p.  227 — 231,  the  aJr  in  its  passage  comes  first  into  contact 
with  the  moistened  cylinders,  and  if  hot  and  dry  it  becomes 
moist  and  cool,  for  the  constant  evaporation  upon  the  cylinders 
has  a  very  considerable  refrigerating  effect. 


FlO.    80.— SaLADIn's    fiCHANQECH,  AXIU.    SlCTlON. 


This  was  well  known  to  the  Egyptians  over  fonr  thousand 
years  ago.     (See  p.  233.) 

The  ichangeur  (as  I  explained  before)  is  like  a  gigantic 
gargooleh,  and  by  increasing  the  size  and  number  of  the 


FlO.   81.— SALADIK'I  ECHAKOItta. 


cyhnders,  and  causing  the  water  in  the  moistening  trongb  to 
circolate,  any  volome  of  air  can  be  wetted  to  the  satnration- 
limit  corresponding  to  its  temperature.  It  will  be  seen  that 
this  apparatus  gives  the  maltster  complete  control  of  the 
humidity  and  beat,  as  well  as  volome,  of  ttie  air  driven  through 
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germinating  com,  and  proves  an  invaluable  instrument  in  hot 
climes,  or  in  Britain  for  pneumatic  maltings. 

Maltings  in  France  of  upwards  of  530  quarters  steep  are 
kept  at  the  right  temperature  by  this  apparatus,  and  numerous 
other  large  houses  abroad  and  in  Britain  satisfactorily  use  it. 

The  power  of  this  apparatus  to  cool  air  was  tested  at  the 
International  Health  Exhibition,  June  24th,  1884,  when 
10,000  cubic  feet  of  air  per  hour  was  cooled  by  a  small 
echangeur,  3  feet  4  inches  in  diameter,  and  3  feet  long, 
from  7SP  to  64°,  the  natural  temperature  of  the  water.  The 
quantity  of  water  used  per  day  was  seven  gallons.  The 
addition  of  eighteen  pounds  of  ice  to  the  water  caused  the 
temperature  of  the  air  to  fall  to  6P  for  upwards  of  one  hour. 

DiSPEBSEBS. 

Several  forms  of  heat-dispersers  are  in  use  in  kilns.  The 
oldest  type  is  still  largely  employed,  and  is  simply  an  apron 
placed  between  the  fire  and  drying  floor.  They  are  made  of 
sheet-iron,  woven-wire  pugged  with  clay,  or  hair-mortar,  tiles 
set  in  cement  and  covered  with  sand,  &c.,  <&c.  (See  p.  217.) 
Another  disperser,  also  called  a  dissipator,  is  a  cone  of  woven 
wire  (Fig.  18,  p.  199)  placed  immediateljr  upon  the  tiles  or  wire 
of  the  drying  floor.  When  used  in  a  lain  with  one  floor,  they 
serve  to  dissipate  reek,  but  they  waste  fuel.  In  a  double  kiln 
thejr  also  serve  to  protect  the  holes  in  the  upper  floor  through 
which  the  malt  is  dropped  in  loading  the  bottom  floor.  For 
this  purpose  a  better  form  is  a  plain  galvanised  iron  cylinder  with 
hit-and-miss  covers.  (See  Fig.  19,  p.  199.)  These  give  entire 
control  over  the  ascending  current  of  air,  and  by  right  use  can 
regulate  with  much  accuracy  the  relative  temperatures  of  both 
floors. 

Elevatobb. 

Com  is  raised  by  numerous  contrivances,  and  the  forms  of 
hoists  and  elevators  are  very  varied.  For  general  purposes  it 
is  convenient  to  use  a  band  or  belt  running  at  any  required 
angle  over  pulleys  of  from  12  to  30  in.  diameter.   To  this  belt  a 


Fxo.  82.  Fzo.  83.  Fio.  84. 

Elbtatob  Cups. 

series  of  iron,  tin,  or  copper  cups  is  affixed  at  regular  intervals 
of  from  8  inches  to  3  feet. 

The  speed  and  capacity  of  cups,  when  hfting,  regulate  the 
quantity  of  com  raised.   The  nature  of  the  corn  rules  the  speed. 

The  cups  vary  much  in  shape  and  size.    The  forms  in  use  in 
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America  are  probably  the  best.  (See  Figa.  82,  83  ancl  84.) 
Buckets  are  attached  to  belts  with  clips  of  tin  or  copper,  bolts, 
and  rivets.     Should  three  rivets  be  needed  in  a  large  cap,  tbey 


most  be  placed  in  a  line  and  not  bird-footed.  The  polleys  upon 
which  the  belt  runs  require  to  have  suitable  dimensioos.  For 
man^  purposes  the  best  belt  is  a  continuous  malleable  iron  chain 
rnmung  upon  toothed  wheels  and  guides.  (See  Figs.  85,  66  &  87.) 
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By  this  method  the  slip  of  beltais  avoided,  and  there  need  be 
no  tension,  with,  conseqaently,  very  slight  stretching.  Belts  of 
this  class  can  be  nsed  for  wet,  or  very  hot  com.  They  can  even 
be  ran  in  water,  and  stand  exposnre  of  any  kind  in  kihis  or 
other  positions. 

Very  unmeroas  forms  of  hoisting  gear  are  now  in  nse  driven 


Fjo.  88.— Faiin'iOH  Hoist. 


by  bands,  ropes,  wires  and  frictional  cones.    Of  these  probably 
the  best  are  the  simpler  forms,  such  as  Figs.  88,  89  and  90. 
Fig.  88  is  one  or  more  barrel-dmniB  loosely  fitted  between 


Fia.  ae. — BiMoLi  Friction  8ack-Ho»t. 

collars,  and  a  Motional  clutch  as  shown,  which  with  a  simple 
lever  can  be  made  to  grip  the  barrel  tightly  and  raise  sacks,  sc., 
to  any  floor,  and  can  also  lower  any  ordinary  weight  ae  desired. 
In  addition  to  this  mode  of  raising  barley  to  the  loft,  it  ie  always 
desirable  to  have  a  small  receiving-hopper  placed  on  the  ground- 
floor,  into  which  the  barley  can  be  weighed  immediately  it  is 
received  from  the  waggon  or  truck ;  and,  passing  through  a 
criddle  screen,  it  can  fall  into  a  vertical  elevator  (already 
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described)  consisting  of  buckets  attacbed  to  a  cbain  or  belt,  in 
the  ordinary  way.  The  head  of  the  elevator  is  QSQEilIy  at  the 
top  of  the  boilding,  and  so  arranged  that  the  barley  can  be  at 
once  discharged  into  the  screen  and  sorters,  or  into  bins. 

Figs.  89  and  90  illustrate  a  different  form  of  friction-boist, 
which  for  many  purposes  is  more  reliable  both  for  lifting  and 
sustaining  the  weight  when  raised.  All  hoists  of  this  class  are 
provided  with  brakes  which  minimise  the  risks  inseparable  &om 
rapid  raising  of  com  in  sacks. 


Fia.  90.— DoDBLi  Fbiotiok  Sack-Hoibt. 

These  hoists  can  be  easily  fixed  by  being  bolted  to  ceilings, 
walls,  or  upon  floors.  The  chain  and  rope  are  carried  over  a 
cathead  pulley,  or  by  other  means,  to  the  required  position. 

A  very  safe  arrangement  is  shown  by  Fig.  91,  which  is  a  con- 
venient method  for  a  malting.  It  takes  up  little  space,  and  can 
be  so  arranged  that  the  working  is  controlled  by  one  rope,  by 
which  sacks  may  be  raised  and  lowered  at  differmg  speeds,  or 
left  suspended  at  will. 

In  some  malting  it  is  desirable  to  have  lifts  erected.  In 
these  cases  a  direct  acting  hoist  similar  to  those  made  by 
Messrs.  Waygood  &  Co.  is  found  to  work  satisfactorily.  They 
are  driven  by  a  separate  gas-  or  steam-engine  as  illustrated  (Fig. 
92),  or  they  can  be  worked  from  any  line  of  existing  shining 
which  conveys  sufficient  power.  All  such  lifts  requite  care  in 
working,  and  are  best  when  duly  counter-poised,  and  fitted  with 
automatic  safety-brake-gear. 

Enoines. 

Three  forms  of  engines  are  used  by  maltsters — water,  steam, 
and  gas. 

Water-engines  are  either  undershot  or  overshot  water-wheels, 
turbines,  or  engines  driven  by  water  at  considerable  pressure 
acting  upon  a  piston,  so  far  similcurly  to  steam  as  the  differences 
in  elasticity  and  bulk  admit. 

Comparatively  few  moltings  are  constructed  with  the  object 
of  utilising  the  flow  of  streams  or  tides,  although  in  many  cases 
an  excess  of  power  exists,  and  could  be  inexpensively  adopted. 

Steam-engioes  have  one  distinct  advauUtge  over  water  or 
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gaa-motors,  in  the  iacility  they  ofiFer  for  the  regulation  of  tem- 
perature of  steep-liqaot. 

Any  ordinaiT  type  of  boiler  or  engine  will  act  efficiently  in  a 
malt-boose.  Very  little  power  is  required,  excepting  for  pnen- 
matic  honses,  and  engines  are  kept  running  for  a  few  hours  per 
day  only.  Probably  the  best  type  yet  invented  is  the  ordinary 
borizontal-enfjine,  of  which  very  many  varieties  exist. 

Commonly  the  mistake  is  made  of  fixing  a  boiler  of  very 


small  power  for  the  work  to  be  done.  Consequently  vecy 
constant  attention  has  to  be  given  to  it. 

Qas-engines  are  much  appreciated  by  maltsters  generally,  for 
the  small  amount  of  attendance  they  require,  and  their 
capability  of  almost  instant  use  at  any  time. 

The  form  at  present  most  liked,  is  known  as  the  Otto  engine, 
Fig.  93,  patented  by  Crossley  Bros.,  Ltd.,  Manchester. 

It  is  made  with  self-starting  arrangements,  and  is  in  many 
positions  very  economical  and  useful. 


TOOLS  AHU   APPAIUTTJ3. 


Fans  are  employed  by  maltstera  for  three  parposea,  viz.,  to 
clean  com,  increase  draught  in  kilns,  and  drive  air  through 
floors. 

Any  good  form  of  fan,  that  will  do  those  operations  efficiently, 
can  be  used.     (See  Fig.  29.) 

Filters. 

Until  very  recently,  no  attention  has  been  paid  to  the  piarifi- 
cation  or  modification  of  the  water  used  in  steeping.  The  im- 
portance of  the  Bobiect  has  finally  been  recogmsed,  and  filters 
are  now,  occEisionally,  found  in  use. 

A  large  nmnber  of  filters  exist  of  vridely  different  character 
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and  form.  Some  of  these  are  apphcable  to  maltings,  and  their 
suitability  is  ruled  by  the  nature  of  the  work  they  have  to 
perform. 

One  of  the  most  generally  useful  forms  is  the  Filtre  Bapide, 
patented  by  Mr.  P.  A.  Maignen  (illustrated  by  Fig.  94). 

Fibe-Ieokb. 

No  malt-house  can  work  without  a  fire,  therefore  fire-irons 
ore  used  in  every  case.  These  are  generally  of  the  simplest 
character  possible,  and  consist  of  shovels  for  coal,  forks  for 
coke,  stirrers  or  clmker-bars,  hoes,  and  pokers. 

Fobcing-Teat. 
This  invaluable  instrument  consists  of  a  series  of  trays 
or  shallow  copper  troughs  with  double  bottoms,  capable  of 
holding  water.  These  are  kept  at  any  given  temperature  by 
gas,  steam,  or  any  other  reliable  and  easily-regulated  source  of 
heat.  Upon  them  is  placed  any  suitable  arraugement  of 
bottles,  jars,  or  beakers  to  accomplish  the  particular  end 
desired.      For  testing  malts,  either  for  extract  or  stability. 
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they  are  of  very  great  utility,  and  the  whole  industry  is  greatly 
indebted  to  Mr.  Gillman  and  Mr.  Horace  Brown  for  initiating 
their  use. 

Forks. — See  Turners. 

Gauging-Rods. 

During  the  collection  of  the  Malt-tax,  one  of  the  most 
important  and  universal  tools  was  a  good  and  accurate  gauging- 
rod.  Cistern,  couch,  floors,  and  kiln  were  all  measured  at 
frequent  intervals.  With  the  present  freedom  of  working, 
gauging-rods  are  not  necessary,  and,  excepting  to  measure  the 
quantity  of  com  steeped,  they  are  no  longer  used. 

Gblatinisbrs. 

These  implements  are  used  only  by  the  makers  of  the  various 
forms  of  patented  malts  known  as  gelatinised  and  other  grain. 
Commonly  they  are  cylindrical  vessels  of  iron  made  to  rotate  upon 
an  axis,  and  fitted  with  a  revolving  shaft  or  stirrer.  They  are 
constructed  to  stand  considerable  pressure  of  steaih,  and  are 
fitted  with  all  necessary  supply-  and  discharge*  steam-valves  or 
cocks,  and  also  have  large  receiving  and  discharging  grain 
valves. 

Graders. — See  Screens. 

Hoists. — See  Elevators. 

Hose. 

Maltings  are  occasionally  fitted  with  fire  hydrants  and  hoses. 
These  are  of  any  approved  tjrpe,  and  may  be  of  canvas,  leather, 
or  indiarubber.  They  are,  when  fixed,  also  used  for  washing 
down  floors,  and  for  this  purpose  are  of  great  value. 

Very  large  houses  have  a  small  hose  on  each  floor,  or  a  series 
of  small  hoses  attached  to  a  separate  main,  fitted  with  an 
accurate  meter  for  the  purpose  of  sprinkling.  Two  or  three 
ply  flexible  hose,  H  or  l^in.  diameter  is  used  for  this  purpose, 
and  the  nozzle-piece  should  be  of  copper,  very  finely  perforated. 

HUMMELLERS. 

Commonly  barley  has  the  awns  sufficiently  removed  by  the 
hummelling  drum  of  the  threshing  machine.  Occasionally  this 
is  not  the  case,  when  it  becomes  necesseuy  for  the  maltster  to 
hummel  the  com  prior  to  steeping. 

A  hand  hummeller  (also  called  haveller)  made  by  Mr.  Boby, 
Burv,  is  illustrated  (see  Fig.  95). 

This  machine  is  very  simple,  and  can  easily  be  worked  by 
one  man.  The  barrel  is  made  of  iron,  and  a  strong  wrought 
iron  spindle  runs  through  the  centre,  on  which  is  fixed  a  series 
of  kmves  which  revolve  at  great  speed.    These  knives  are  so 
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shaped  that,  although  the  harrel  is  fixed  perfectly  straight  od 
the  frame,  they  force  the  barley  along  the  tabe,  bo  that  it  is 
impossible  for  the  com  to  escape  &om  the  spout  until  it  has 
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been  subjected  to  the  action  of  the  whole  of  the  kniTes  in  the 
barrel,  and  by  the  time  the  com  reaches  the  outlet  it  is  found 
to  have  been  effectually  deprived  of  the  awns.  One  man  can 
hummel  sixty  bushels  per  hour.     Price,  £5. 


Fio.  96.— Bobi's  Imfbotbd  Baalbt-Hdkmillse 


Another  machine  for  steam-power  will  hummel  fifteen .  to 
twenty  qrs.  per  hour.     (See  Pig.  96.) 
This  machine  costs  about  £10. 

HtOBOHETEB  OB  FSTCHBOUETBB. 

Although  a  maltster's  operations  are  nearly  all  most  directly 
affected  by  the  relative  dryness  or  humidity  of  the  air,  very 
few  attempts  are  made  to  ascertain  the  degree.  Watery 
vapour  is  aJwa^  and  everywhere  present  in  the  atmosphere, 
and  its  state  is  a  matter  of  the  greatest  importance  m  the 
economy  of  nature.  The  proportion  of  aqueous  vapour  in 
the  air  is  subject  to  constant  and  wide  variation,  and  several 
forms  of  instruments  have  been  devised  to  measure  it,  the  use 
of  most  of  which  is  comparatively  simple. 

If  the  vapour  be  at  its  greatest  possible  density  for  the 
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temperattire,  the  least  reduction  will  cause  depositdon.  The 
air  18  said  in  sach  cases  to  be  satarated,  a  term  which,  though 
technically  incorrect,  is  convenient  for  general  use. 

If,  fis  is  generally  the  case,  the  air  is  not  saturated,  it  ia 
desirable  to  learn  now  far  it  is  charged  with  moisture,  and 
this  is  effected  by  ascertaining  the  degree  of  depression  of 
temperature  requisite  to  bring  about  condensation. 

The  principle  of  the  hygrometer  consists  of  two  thermometers, 
one  of  which  registers  the  temperature  of  the  air,  whilst  the 
other  is  artificially  lowered  in  temperature  till  dew  forms  upon 
its  surface.  The  difference  of  temperatm'es  being  noted,  the 
humidity  of  the  air  is  found  by  tables. 

In  one  form  of  hygrometer  (Figs.  97  and  98),  the  wet  bnlh 
is  surrounded  with  muslin,  kept  wet  by  capillary  difEusion  by 
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a  cotton  thread  communicating  with  a  vessel  of  water. 
Evaporation  keeps  this  thermometer  at  the  degree  corresponding 
with  the  dew  point,  whilst  the  other  records  the  actuu 
temperature.  The  evaporation  from  the  wet  muslin  depends 
upon  the  proportion  of  watery  vapour  already  present  in  the 
air. 

A  more  elegant  form  of  instrument  is  the  Daniell  hygro- 
meter, designed  by  that  eminent  physicist  in  1820.  It  con- 
sists of  a  bent  glass  tube  with  two  bulbs  [Fig.  99).  The  bulb 
of  the  longer  limb  is  half  filled  with  ether,  the  rest  of  the 
tube  being  a  vacuum ;  this  bulb  is  of  black  glass,  whilst  the 
other  is  covered  with  muslin. 

Ether  is  dropped  upon  the  latter  till  its  evaporation  so 
lowers  the  temperature  that  the  black  bulb  becomes  covered 
with  dew,  the  temperature  of  which  is  given  by  the  delicate 
thermometer  within  the  tube.  The  thermometer  on  the  stem 
gives  the  actual  temperature. 
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Jones'  hygrometer  is  a  little  simpler,  having  bnt  one 
thermometer.  The  temperature  bein^  first  read  on,  the  black 
silk  covering  the  sides  of  the  bulb  is  wetted  with  ether  till 
condensation  takes  place  on  the  flat  black  glass  top  of  the  bulb, 
when  the  temperature  is  again  read. 

Begnault's  condensing  hygrometers  are  more  elaborate, 
requiring  the  air  to  be  drawn  through  them  by  aspirators. 

Ice-Machines. 

Excepting  in  very  large  pneumatic  maltings,  the  use  of  ice- 
machines  is  unknown.  As  these  machines  are  so  rarely  used, 
and  are  of  a  complex  character  capable  of  much  improvement, 
no  description  of  them  is  desirable  here. 

The  production  of  ice  for  general  use  is  an  industry  which 
could  be  profitably  carried  on  by  maltsters. 

LUBBICATOBS. 

Very  numerous  forms  of  lubricators  are  in  general  use.  By 
far  the  best,  however,  for  maltsters  is  Stauffer's  patent. 

This  has  a  special  lubricant,  which  never  freezes,  gums,  or 
clogs,  and  as  it  can  be  forced  a  considerable  distance  along  a 
tube,  it  allows  the  cap  to  be  put  in  any  convenient  or  readUy 
accessible  position  a  considerable  distance  away  from,  or  even 
below  the  wearing  part,  and  it  can  be  put  at  the  side  and 
bottom  of  bearing  as  well  as  the  top. 


CHAPTER    XVn. 
TOOLS  AND  APPARATUS  (continued). 

Tools  uid  App 


Measores.  Hioroscopea.  MilLk  Fattens.  Plongfif.  P87- 
ohrometerB.  Fomps,  PoTifierB.  Regulators.  Hoaaten.  Saoka.  Sam^en. 
Screeni.  Shovela.  Slippen.  Spargers.  Steam-boilers,  Stomil-pwhn. 
Testen.    Tbeimometan.    Tiers.     Treadeis.    Tnmers.    Valres.     Wadietii. 

MALT-CnnSHEBS. 

Rmat.t.  maJt-cmsberB  are  very  generally  ased  to  determine  the 
^.      colour  and  friability  of  any  required  sample.   They 
f-Tf^^r      *^  ^  ^'g-  1^'     "^^^  prices  are — 

WW  I  "-  ^- 

■  I  I  Malt-cmsbets,  Gocus  wood      2    0 

III  Ivory     12     6 


Measdbes. 


MeasnreB  are  ased  to  record  tbe  quantities  of 
barley  received  and  malt  made.  They  range  from 
the  quarter  or  eight  bushels  to  a  quarter  pint,  thus  : — 

I  qiurtei=    1021  cnbio feet,  S bushels,  32  pecks,  6i  gallons,  513  pints. 
1  bushel  =2218-19  cdUo  in.    1        „  4     „        S        „ 

1  peck     =  5fi4-e4        „         --       .,  1     „        2        .. 

1  gaUon  =  277-2738     ..         —      ..         —    „        1 
1  pint      =  34-eS923    ,.         —      ,,         —    ,,      — 

Of  these  measures  the  boahel  is  the  one  actually  used  iu  the 
malthouse.  The  dimensions  and  shapes  of  tbe  Imperial  bushel 
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vary,  although  by  law  one  particular  type  only  should  be  ased 
for  com.     (See  Figs.  101  and  102.) 
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MeEisores  of  varying  names  and  capacities  still  continae  to 
be  need  in  Britain,  such  as  quart,  qnartem,  windle,  stone,  sack, 
comb,  bag,  cental,  load,  strike. 

Several  of  these  have  varied  quantities  within  comparatively 
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limited  areas,  and  are  rapidly  becoming  obsolete.  Nothing  bnt 
the  most  ridicnlous  and  shameful  prejudice  aids  their  retention. 
The  universal  acceptance  of  a  metrical  system  of  weights, 
measures,  and  coinage,  would  be  of  enormous  saving  and  gain 
to  every  practical  and  honest  man. 
Malt  is  frequently  measured  by  automatic  machines  which 
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mechanically  register  the  weight  or  measure  of  the  com  passing 
over  them. 

Of  these  Witt's  patent  is  reliable  and  effective.  (See 
Fig.  103.)  It  records  in  bashels  and  quarters  any  description 
of  com  or  seed  passing  through  it. 
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Chondrometers  are  of  considerable  value  in  testing  accurately 
and  quickly  the  weight  of  any  com  from  a  small  sample. 

Several  forms  are  made.  The  simplest  is  that  illustrated. 
Fig.  104. 

The  instrument  is  provided  with  a  proper  fiUing-funnel  and 
strike,  consequently  the  various  grains  fall  into  the  receiving 
measure  with  uniform  density.  It  is  therefore  sufficiently 
accurate  and  reliable  for  practical  and  ordinary  use.  The  in- 
dication afforded  is  clear  and  simple.  Cost  25s.  to  £5.  Numerous 
other  chondrometers  are  in  use,  the  majority  having  a  small 
measure  at  the  end  of  a  lever  or  beam  by  means  of  which  the 
weight  of  half  a  pint  famishes  a  criterion  of  the  total  weight 
of  a  bushel  or  quarter.  Of  these  Long's  (Fig.  105)  is  very 
generally  approved. 

MiCBOSCOPBS. 

A  very  necesseuy  instrument  for  maltsters  who  care  about 
their  business  is  a  magnifying  lens  of  some  kind.  Numberless 
kinds  of  hand-  and  eye-glasses  are  made,  but  very  little  used. 
A  great  variety  of  good  nucroscopes  also  areoffered  to  maltsters, 
and  their  use  is  becoming  somewhat  general. 

The  best  form  of  microscope  for  general  practical  work  is  a 
binocular  of  good  definition.  Very  numerous  makers  of  these 
instruments  supply  them  in  great  diversity  of  form  at  a 
moderate  price. 

Mills. 

Malt,  prior  to  use  for  any  purpose  (excepting  some  forms  of 
cattle  feeding),  is  ground  or  crushed.  (Jwing  to  its  natural 
friability,  very  simple  mills  are  capable  of  satisfactorily  grinding 
malt  for  brewing  and  distilhng  purposes.  The  essential  features 
are  that  the  mill  shall  be  simple,  durable,  and  easy  of  adjustment. 
The  rolls  require  to  be  of  hard  non-porous  iron  or  of  steel,  with 
long  bearings  and  spindles  of  large  diameter. 

The  front  roll  is  generally  set  up  with  adjustable  worm-  and 
wheel-motion,  which  moves  each  end  of  the  roll  with  uniformity, 
and  the  mills  are  complete  upon  strong  cast-iron  foundation- 
bed,  so  that  they  can  be  set  up  in  any  position  or  upon  any 
floor  or  bearers. 

The  usual  prices  of  mills  of  this  class  are : — 


Size  of  BoUb. 

FrioeBoflfiU. 

Diameter. 

LezLg^. 

6  inches. 

Ifl.  Oin. 

...      £12  10s.  Od. 

12    „ 

2  ft.  6  in. 

...      £40    Os.  Od. 

16    „ 

2  ft.  6 in.       ... 

...      £60    Os.  Od. 

18    .. 

3  ft.  Oin.       ... 

...      £80    Os.  Od. 

For  some  classes  of  malt,  particularly  gelatinised  and  other 
highly-dried  steely  grain,  another  form  of  mill  is  essential. 

One  of  the  best  at  present  known  for  this  work,  is  the  Perfect 
MiU.     (Fiff.  107.) 

This  mill,  if  grinding  malt,  rice,  barley,  and  even  maize,  strips 
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tha  hnak  completely  away,  and  leaves  the  starchy  portion  of  the 
grain  evenly  granulated  with  a  very  low  percentage  of  floor. 

Each  mill  is  fitted  with  two  rolls  of  non-porous  chilled  iron 
turned  upon  massive  steal  spindles.  The  rolls  are  fluted,  with 
grooves  running  spirally,  and  are  of  uneqaal  size,  one  being 
20  inches  in  diameter  and  the  other  only  8  inches.  The 
small  roll  is  also  driven  more  slowly,  so  that  the  differential 
speed  is  great,  8  to  1. 

The  bearings  of  gan-metal  are  of  an  excellent  design,  being 
very  long  and  open  at  top  to  receive  tallow  or  other  Ann  grease, 
they  therefore  never  heat,  and  are  very  durable. 

The  rolls  can  be  set  to  any  point,  and  left  with  safety  to  unskilled 
attendance,  for,  by  their  construction,  they  can  be  thrown  wide 
apart,  and  returned  to  position  any  number  of  times  with  no 
inteiference  with  the  set.    The  feed  can  also  be  stopped  and 
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started  without  alteration  to  the  regulating  shdes.     By  these 
means  absolute  uniformity  of  grist  is  ensured. 
The  following  are  the  dimensions  and  price : — 

Length.  Breath.  Height.  Di^^^ength.        ^^■ 

4  ft.  9  in.      2  ft.  10  in.      4  ft.  2  in.      20  in.      20  in.      iE85 
8  „ 

Very  many  other  forms  of  mill  exist,  and  numerous  methods  of 
grinding  are  adopted,  ranging  from  small  mills  with  a  wide- 
rimmed  fly-wheel  driving  a  smaJl  crushing  roll  by  friction,  to 
elaborate  and  ponderous  mills  having  four  steel  rolls  variously 
arranged. 

Plodqhs, 

Several  forms  of  malt-ploughs  are  known  and  nsed.     One  of 
the  best  is  eis  represented  by  Fig.  108. 

T  2 


290  MALT  AND  BiALTING. 

The  bottom,  of  iron,  is  commonly  made  sufficiently  heavy  to 
keep  to  the  bottom  of  the  floor  when  it  is  being  turned.  The 
handle  is  best  of  wood.    Prices  20s.  to  SOs. 

Another  kind  is  made,  and  is  a  simple  piece  of  wood,  of  wedge- 
form,  securely  screwed,  at  an  angle  of  40^,  to  a  handle.  The 
lower  edge  is  thin,  and  about  4  to  6  inches  wide.  This  form  of 
plough  should  be  used  in  all  cases  where  the  floor  is  uneven, 
rough  or  full  of  cracks. 

An  improved  form  of  plough  has  been  invented  by  Mr.  Flinn, 
so  constructed  that,  in  passing  through  the  malt,  it  distributes  a 
volume  of  cold  air.  This  is  forced  through  a  fan  and  ^changeur, 
and  conveyed  by  a  light  flexible  indiarubber  hose. 

PsYCHBOMBTBR. — See  Hygrometers. 

Pumps. 

The  forms  and  descriptions  of  pimips  used  in  maltings  are 
very  varied  and  numerous.  They  embrace  direct-acting  steam- 
and  air-pumps ;  single-,  double-,  and  treble- barrel-lift,  and  force- 
pumps,  centrifugals,  rotary,  &c.,  &c. 

The  type  of  pump  best  adapted  to  certain  work  is  necessarily 
ruled  by  the  nature  of  that  work,  and  as  it  varies  in  nearly 
every  malthouse,  the  particular  sort  of  pump  used  has  to  be 
determined  accordingly. 

Purifiers. 

Only  very  recently  have  purifiers  been  employed  in  maltings. 
Their  uses  are  varied  and  numerous. 

It  is  now  proved  to  be  beneficial  to  purify  all  the  material  and 
elements  controlled  by  the  maltster.  Thus  air,  water,  grain  and 
premises  are  alike  benefited  by  purification. 

The  air  supplied  to  pneumatic  malthouses  is  purified  by 
drawing  or  forcing  it  through  cotton-wool  prior  to  its  being 
cooled  and  moistened.  (See  ''  Coolers.")  This  material  arrests 
very  numerous  germs  and  spores  of  low  organisms  and  other 
impurities,  all  of  which  are  best  kept  from  direct  conta.ct  with 
germinating  grain. 

Water  is  purified  in  a  variety  of  ways.     (See  "  Filters.") 

Grain  is  also  cleaned  very  variously.     (See  **  Screens.") 

Maltings  generally  are  purified  in  a  small  diversity  of  ways. 

Cisterns  of  iron  are  painted  with  hot  lime,  and  rinsed  some- 
times with  bisulphite  of  lime.  Brick  and  cement  cisterns  are 
also  lime-whited  cold,  and  similarly  washed  with  calcic 
bisulphite. 

Growing-floors  are  washed  and  scrubbed,  but  rarely  treated 
with  bisulphite  of  lime. 

Kilns,  malt-  and  barley-bins,  and  walls  generally,  are  also  well 
brushed  and  frequently  limewhited.  The  imderside  of  kiln 
roofs  are  also  in  many  cases  varnished,  painted,  or  treated  with 
Stockholm  tar,  applied  hot. 

In  a  malt-house,  as  in  a  brewery,  cleanliness  of  the  strictest 
character  is  of  great  direct  value. 
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Bboulators. — See  also  Dispersers. 

Nnmerons  inventiooe  are  made  and  worked  to  regulate  with 
accuracy  and  aQtomatically ,  if  possible,  the  beat  of  air  in  Idlns. 

One  of  the  moBt  efTectual  self-acting  heat-regulatorB  is 
King's  {Fig.  109).  This  has  been  fixed  to  many  kilns,  and  is 
found  to  act  with  very  good  lesolts,  if  intelligently  looked  after. 

It  consists  of  a  large  wheel  of  hollow  steel,  partly  filled  with 
mercury  and  fnsel  oil,  alcohol,  or,  according  to  tne  heats  required 
in  kilns,  ether.  This  wheel  is  attached  to  a  spindle,  which  is 
free  to  revolve  easily.  This  has  a  grooved  wheel  upon  it,  from 
which  a  wire-rope  conveys  any  movement  it  may  make  to  a 
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corresponding  wheel  attached  to  a  large  diaphragm  of  sheet-iron 
fixed  in  any  convenient  position  over  the  famace.  Any 
accession  of  heat  causes  a  displacement  of  the  mercury,  and 
consequent  movement  of  the  wheels  and  door.  As  the  amount 
of  this  movement  is  under  control  by  a  series  of  weights  also 
suspended  from  the  spindle  carrying  the  driving  wheel,  it 
follows  that  any  required  degree  of  temperature  can  be 
maintained  in  the  heat  chamber  of  the  kiln.  The  volume  of 
cold  air  that  may  enter,  causes  a  reduction  of  temperature  and 
backward  movement  of  the  door. 
When  correctly  working,  this  plan  is  manifestly  better  than 
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any  ordinary  arrangement  of  sliding  or  swinging  doors,  or  other 
air-inlets. 

Numerous  kilns  have  ordinary  iron  or  wooden  slides  covering 
or  attached  to  corresponding  openings  over  or  beside  the  fire- 
places. These  are  regulated  by  the  mln-man  when  attending 
the  fires. 

BOASTEBS. 

The  monopoly  of  malt-roasting,  created  by  the  numerous 
stringent  Acts  of  Parliament  that  dictated  every  act  of  roasting 
malt,  having  been  abolished  by  the  repeal  of  the  Malt-tax,  many 
maltsters  and  brewers  now  manufacture  black,  patent,  and 
other  coloured  malts. 

Any  lengthened  cylinder  rightly  arranged  to  rotate  over  a 
fire  or  gas-jets  can  roast  malt.  On  a  large  scale,  these  cylinders 
contain  tluree  to  four  bushels  at  a  charge.  Many  maltsters^ 
however,  use  a  smaller  portable  machine,  containing  a  cylinder 
capable  of  roasting  one  or  two  bushels.  This  is  a  simple  fire- 
place (see  Fig.  7)  enclosed  with  sheet-iron,  fitted  with  a 
chimney  to  convey  away  steam,  smoke,  and  fumes.  In  it  is  a 
small  sheet-iron  cylinder,  freely  perforated,  holding  one  or  two 
bushels  of  com,  and  placed  a  short  distance  above  the  grate,  on 
bearings  that  permit  it  to  be  freely  turned.  The  com  is  put 
into  this  cylinder,  and  is  kept  constantly  but  slowly  turned 
over  a  slow  coke  fire.  As  the  steam  passes  off,  the  fire  orightens 
and  the  heat  increases.  In  thirty  minutes  all  the  steam  has 
passed  away,  and  a  fine  rich  aroma  begins  to  steal  from  the 
malt.  This  increases  quickly,  and  in  five  minutes  it  is 
necessary  to  inspect  the  malt.  If  the  process  has  been  rightly 
managed,  a  good  chocolate-tinge  has  been  acquired,  which 
quickly  deepens,  and  in  forty  minutes,  in  all,  the  operation  of 
roasting  is  complete.  The  malt  is  turned  out  to  cool  and 
mellow,  and  a  second  charge  can  be  at  once  placed  in  the 
cylinder,  and  the  operation  repeated. 

A  very  short  experience  is  sufficient  to  give  a  considerable 
degree  of  skill  to  any  workman,  so  that  malt  of  a  uniform 
colour  is  produced,  and  few  manufacturing  processes  are  more 
simple. 

The  cost  of  a  portable  roaster  of  this  type  is  J£10  to  £15, 
capable  of  roasting  one  or  two  bushels  each  charge,  and  from 
£40  to  £100  for  the  larger  fixed  machines,  which  roast  three  to 
eight  bushels.     The  larger  machines  are  driven  by  power. 

A  gas  malt-roaster,  known  as  Andrew's  patent  (Fig.  110),  is 
also  used.  This  apparatus  consists  of  a  steel  blinder  mounted 
on  an  axis  furnished  with  driving-pulleys,  ft  is  partly  sur- 
rounded by  a  cylindrical  iron  casing  lined  with  fire-clay,  to 
prevent  radiation  of  heat,  and  is  heated  by  means  of  a  ^- 
Dumer  arranged  along  the  entire  length  of  the  revolving 
cylinder.  To  this,  gas-  and  air-supply  pipes  are  attached,  and 
the  air  is  supplied  to  the  burner  under  pressure  by  means  of  an 
air-pump,  which  creates  a  blast  of  air  and  gas  at  the  burner,  and 
much  intensifies  the  heat,  thus  expediting  the  roasting,  and 
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ecoDonuBing  gas.  The  malt  is  pat  in  a  hopper  at  the  top,  from 
which  it  runs  into  the  cylinder,  and  is  emptied,  when  mushed, 
through  a  shde  into  the  cooling-tray.  The  cylinder  is  provided 
with  an  internal  arrangement,  which  causes  the  malt  to  travel 
from  end  to  end  as  it  rotates,  thns  ensming  evenness  of  roasting. 
It  is  fitted  with  a  tester  for  examination  dozing  roasting  with- 
out stopping  the  machine,  and  a  special  arrangement  for  carry- 
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ing  off  the  smoke  and  beat  from  the  room  in  which  the  roasting 
is  carried  on,  as  the  fumes  are  very  overpowering.  The  size 
QBually  made  roasts  six  bnshels  at  a  time,  taking  from  forty-five 
minutes  to  one  and  a  half  hoars,  according  to  the  dryness  of 
the  malt  and  the  height  of  coloor  required.  The  consomption 
of  gas  ranges  from  40  to  60  feet  per  bashel,  depending  apun 
the  condition  of  the  malt  prior  to  roasting  and  the  degree  of 
colour  given  it. 

Sacks. 

Malt-  and  barley-sacks  asoally  hold  one  comb  or  four  boshels. 
They  are  commomy  made  of  jnte,  and  it  is  considered  best  to 
have  them  of  good  closely-woven  textnre  "to  keep  out  air." 
Their  use  is,  however,  mnch  to  be  condemned  for  malt,  except- 
ing for  very  temporary  purposes  of  removal  from  the  maltmg 
to  other  places.     Storage  of  malt  in  sacks  is  an  absurdity. 

The  use  of  sacks  necessitates  also  tiers,  which  ore,  customarily, 
lengths  of  rope-yam,  or  old  rope-strands  untwisted,  about  10  to 
14  inches  long.  When  malt  is  consigned  by  rail,  it  is  also 
usual  to  secure  the  two  ends  of  a  tier  with  a  leaden  pellet  or 
label,  stampedwith  the  owner'sname,  which  makes  it  impossible 
for  the  sack  to  be  opened,  and  any  of  the  malt  removed,  without 
detection. 

Sacks  are  also  almost  invariably  branded  or  painted  with  the 
owner's  name. 

The  use  of  sacks  in  a  malthouse  therefore  involves  the 
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employment  of  tiers,  stencil-plates,  and  brashes  or  branding 
machines,  and  pellet-pressers  or  stamps. 


Sack-Holdeb. 
This  machine  is  used  in  small  maltings^  where  one  man  may 
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be  working  without  companions.     The  illustration,  Fig.  Ill, 
sufficiently  explains  it. 

Samplers. 

A  sample  of  grain  from  a  large  bulk  is  frequently  taken  by 
means  of  a  sampler.  This  is  a  small  brass  instrument  attached 
to  the  end  of  a  long  rod  or  handle  (see  Fig.  112),  which  permits 
the  grain  to  enter  the  receiver  at  any  required  point,  and  upon 
its  withdrawal  the  closing  of  the  valve  securely  retains  it.  It 
is  also  used  for  trjring  the  heat  in  large  heaps,  and  so  saves  the 
time  and  trouble  of  turning  them  over.  Price,  with  handle 
6  ft.  long,  10s.  6d. ;  8  ffc.  long,  128.  6d. 
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Samples  are  placed  in  tins,  small  bags  of  calico  or  linen,  and 
bottles.  Bags  are  more  commonly  used  by  famiers  for  barley. 
Envelopes  of  glazed  paper  or  linen  are  chiefly  used  by 
merchants,  and  tins  or  bottles  by  maltsters  and  factors  for 

malt. 

It  is  comparatively  rare  for  a  sample  of  either  barley  or 

malt  to  exceed  one  pint. 
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A  small  Bampling-screen  is  now  freqnetitly  fonnd  in  good 
offices.  This  is  a  small  screen,  fitted  into  a  neat  French- 
polished  wooden  box,  aboat  14  in.  by  9  in,,  and  is  veiy  asefol 
for  testing  the  quality  of  samples  of  barley  or  malt  that  may  be 
offered.  The  sample  has  merely  to  be  emptied  into  the  box, 
and  by  simply  giving  the  screen  a  bEickward  and  forward 
motion,  oU  the  thm  corns  pass  through  into  a  drawer  under- 
neath, leaving  the  best  at  the  top,  which  can  be  easily  emptied 
out.  This  is  a  convenient  mode  of  determining  the  percentage 
of  small  corns  contained  in  a  given  sample.    The  pnce  is  £1. 


The  nomber  of  screens  used  by  maltsters  is  very  great. 
They  are  used  for  a  diversity  of  purposes,  as  follows : — 
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Barley-screens  to  separate  from  barley  all  other  matter,  and 
divide  it  into  varied  grades. 

Malt-screens  for  separation  of  all  combes  and  other  matters, 
and  also  for  grading. 

The  simplest  form  of  screen  is  one  which  merely  separates 
the  small  or  tail-corn  from  the  big  corn.  Several  malcers  of 
screens  for  this  purpose  have  very  good  machines.  Figs.  113, 
114,  illustrate  one  of  the  best  Imown,  which  is  very  generally 
nsed,  and  is  called  the  Boby  screen.  This  machine  ia  now 
made  in  a  form  that,  by  suspending  the  screening  surface  npoD 
wood  springs,  the  principal  and  most  coBtly  wearing  parts  are 
replaced,  and  the  power  required  to  turn  them  is  reduced  to  a 
minimum. 

Any  number  of  wire  beds,  of  different  gauges,  can  be  furnished 
with  the  same  machine,  which  are  so  arranged  that  they  can  be 
removed  and  replaced  with  the  same  &cility  with  which 
riddles  are  changed  in  a  dressing  machine. 
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A  foller  and  more   develc^d  form  of  this  machine  has 
attached  to  it  a  blower,  as  in  Fig.  115. 
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This  accordingly  removes  the  dust  and  very  light  com.  A 
very  similar  type  of  machine  is  Coleman  &  Morton's  patent 
step-screen.    (See  Fig.  116.) 
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In  this  machine  the  patentees  have  endeavoored  to  produce 
a  flat  screen  to  meet  the  requirements  of  tboae  who  do  not 
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wish  to  go  to  the  expense  of  pnxchafiing  an  adjostable  or  rotary 
screen.    It  is  made  with  a  series  of  screeiiiDg  eoifacea  atraoged 
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in  steps, "bo  that  the  com,  in  passing  over,  drops  from  one 
screemng  bed  to  another,  thus  securing  a  more  perfect  action 


than  if  the  bed  were  continQona.    The  irires  are  of  steel,  and  of 
triangolar  form,  resting  on  revolving  padded  rollers.     These 
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keep  the  spacea  clean,  end  prevent  all  wear  in  the  wires 
themselveB.  This  is  a  matter  of  importance,  for  when  washers 
are  osed  in  cleaning,  it  is  impossible  to  preserve  permanently 
the  original  size  of  the  spaces,  the  wires  speedily  wearing  so  as 
to  allow  larger  com  to  pass  throngh  than  was  originally 
intended. 

A  still  further  development  of  this  type  of  machine  is  Gretton 
&  Abhott's  patent  separator,  for  removing  broken  or  damaged 
com,  seeds,  stones,  &c.,  attached  to  a  Boby  screen.  (Sea 
Fig.  117.) 

In  this  machine  the  grain  first  passes  over  the  Boby  screen, 
which  removes  stones  or  other  large  snbstances,  and  separates 
the  thin  kernels  from  the  bulk.     These  are  delivered  at  the  side 
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of  the  screen,  separately,  from  spouts,  while  the  large  S^n 
passes  on  to  a  Gretton  and  Abbott's  separator,  which  is  fixed 
ondemeath  the  screen,  and  worked  from  the  same  spindle. 
This  separator  removes  all  seeds  and  broken  kernels  of  barley, 
and  gives  a  mnch  more  perfect  sample  for  malting.  It,  is  fitted 
with  elevators, as  shown  in  the  engraving,  bat  when  practicable 
it  is  desirable  to  feed  it  from  the  Boor  above. 

One  invention  of  Mr,  Boby,  in  connection  with  his  screen, 
is  very  ingenious  and  useful,  as  the  weight  of  the  com  to  be 
screened  is  made  to  supply  the  motive  power  needed.  (See 
Figs.  118  and  119.) 

This  screen  is  entirely  self-acting  and  self-cleaning.  An 
overshot  or  breast-wheel  is  placed  in  such  a  position  that  the 
grain  in  passing  from  the  hopper  to  the  screen  canses  it  to 
revolve,  and  by  means  of  this  wheel,  motion  is  imparted  to  the 
cleaning  collars  between  the  wires  of  the  screen  ;  the  spaces 
are  thus  kept  free  &om  substances  which  would  otherwise 
collect  in  them  and  render  the  screen  useless. 

This  screen  is  adapted  for  use,  as  represented  in  the  figure, 
between  the  granary-fioor  and  the  steep.     It  can  be  moved 
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along  the  iron  rod  to  any  shoot  or  openmg  in  the  floor.  When 
once  set  to  work  it  re^uirea  very  httle  attention  The  ander- 
side  is  fitted  with  sackmg  to  receive  the  thin  and  refase  grain, 
which  runs  away  into  a,  sack  or  other  receiver      A  space  of 
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about  four  feet  is  required  between  floor  and  cistern  for  the 
smallest  sized  screen. 
The  same  arrangement  is  adapted  to  the  ordinary  Boby 
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screen,  as  in  Fig.  120.     This  screen  is  practically  self-acting, 
and  is  remarkably  cheap,  the.prices  being  : — 
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To  screen  about  80  bushels  per  hoar  ...  £6  10    0 

„    100        „  „        ...    8  10    0 

„  „    160        „  „        ...  10  10    0 

A  great  diversity  of  other  flat  oscillating  screens,  similar  in 
outline  and  nature  of  work  done,  are  made  by  makers  too 
numerous  to  specify  or  describe. 

The  number  and  variety  of  rotary  screens  exceed  even  the 
other  kinds. 

One  form  has  been  very  extensively  used,  made  by 
Penney  and  Co.,  Lincoln.  This  screen  (Fig.  121)  is  capable 
of  ready  adjustment  to  suit  the  different  kinds  and  quuities 
of  grain.  It  is  not  Uable  to  derangement,  but,  with  fair 
treatment,  is  found  to  be  thoroughly  efficient.  There  is  no 
danger  of  the  meshes  becoming  clogged  up  by  damp  grain, 
wild  oats,  or  dirt,  which  is  the  case  with  many  screens  having 
short  meshes,  or  in  which  the  wires  are  placed  diagonally ;  for 
these  screens,  being  so  constructed  that  the  screening  wires  may 
be  brought  nearer  to  each  other,  or  set  further  apart  at  pleasure, 
can  not  only  be  adjusted  to  dress  the  various  sizes  of  grain,  but 
when  opened  fully,  they  clean  themselves  of  dirt  by  allowing 
everythmg  to  fall  through.  The  long  narrow  meshes  of  these 
screens  have  also  the  advantage  of  taking  out  bits  of  straw, 
awns  of  barley,  &c. 

The  thorough  screening  of  the  grain  is  ensured  by  the  sheet- 
iron  worm  in  the  interior  of  the  screen,  which  cans^s  the  grain 
to  nass  evenly  along  from  the  feed  to  the  delivery  end,  wimout 
rusning  forward  too  rapidly  when  crisp  and  dry,  or  accumulat- 
ing when  damp — a  defect  often  experienced  in  those  screens 
worked  at  an  angle  of  inclination.  The  meshes  are  kept  clear 
by  the  revolving  brush,  and  the  steel  springs  which  regulate 
the  width  of  the  meshes,  keep  the  wires  at  equal  distances 
apart  from  one  end  of  the  screen  to  the  other,  at  whatever 
pitch  or  degree  of  closeness  they  may  be  adjusted. 

These  screens  are  made  in  two  varieties,  viz.,  with  the  steel 
springs  which  regulate  the  width  of  the  meshes  outside  or 
inside.  Those  with  the  springs  outside,  owing  to  the  unob- 
structed screening  surface  presented,  cleanse  the  grain  more 
thoroughly,  whilst  those  with  springs  inside  have  the  advan- 
tage of  requiring  less  power  to  work,  and  are  kept  much 
cleaner  in  operation,  the  revolving  brush  being  continually 
upon  the  surface  of  the  screen. 

These  screens  (Class  A)  are  adapted  for  separating  and 
finishing  for  market,  grain  that  has  passed  a  vnnnower,  or 
as  it  leaves  a  double-blast  threshing-machine ;  and  are  suitable 
for  finishing  barley  for  malting  purposes,  provided  the  sample 
is  free  from  substances  larger  than  the  grain  itself. 

Three  distinct  separations  are  made  by  screens  of  this  class ; 
the  dirt,  tail-corn,  small  seeds,  &c.,  falling  through  the  meshes 
of  the  screen  at  A  (see  illustration),  com  of  second  quality 
at  B,  and  the  best  passing  out  at  the  end  of  the  machine. 
Or,  if  desirable,  the  screen  can  be   adjusted   so   that   two 
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aepftr&tions  only  are  mode,  the  dost,  tail,  seeds,  &c.,  &lluig 
tuidenieath  the  machine,  and  the  good  giain  being  dehvered  ftt 
the  end. 
This  machine  (Fig.  122)  is  similar  to  Class  A,  with  the 
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addition  of  a  blowing  apparatus  or  &n,  which  cleajises  the 
grain  from  dast,  chaff,  awns,  and  all  light  snbstances  before 
entering  the  adjustable  screen,  the  meebes  of  the  screen  finally 
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separating  it  from  the  tail.  Sic,  into  seconds  and  best,  as 
already  described. 

This  screen  is  constructed  in  two  parts,  the  second  having 
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wider  meehfla  th&n  the  first,  sjid  is  designed  for  grain  cod- 
taining  atones,  dirt,  tares,  peas,  or  other  enhstances  larger  than 
the  com.  The  dust,  tail-corn,  and  second  quality  are  separated 
b;  the  first  part  precisely  as  in  Class  A ;  the  stones  and  large 
refuse  are  delivered  by  a  spout  at  the  side,  and  the  best  grain 
passes  out  at  the  end  of  the  machine.  By  a  further  improve- 
ment, the  second  part,  or  "stone  separator,"  can  be  readily 
adjusted  also. 


JB 


i^i|l'l'l"'sW 


FlO.  123.— PkHKET's  COBK-SCBBIN. 

A  fan  is  frequently  attached  to  this  class  of  machine. 

Fig.  123  shows  clearly  the  mode  of  construction  of  the  barrel 
of  these  screens  and  method  of  cleaning  it.  The  Kittool  brush 
revolves  with  the  screen  and  sends  back  all  kernels,  stones, 
jcc,  of  such  a  size  that  they  lodge  between  the  wires,  and  the 
permanent  retention  of  which  would  eventually  choke  the  screen. 

Another  adjustable  screen  is  made  by  Coleman  and  Moreton, 
of  Chelmsford. 

The  idea  is  steadily  gaining  ground  with  some  intelligent 
maltsters,  that  it  is  desirable,  and  even  necessa^,  to  do  still  more 
to  barley  prior  to  steeping  than  any  of  the  above  screens  can 
effect,  The  end  desired  is  to  remove  all  broken  or  damaged 
kernels,  &c.,  and  to  leave  the  good  grain  graded  into  several 
distinct  varieties.   Numberless  inventions  in  Gtermany,  France, 


■^sinifrwtt^ 
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and  America  have  been  made  to  effect  this,  and  a  few  in  Great 
Britain. 

The  separation  of  broken  corn  and  seeds  is  effected  by  passing 
it  through  slowly  revolving  cylinders,  which  have  a    great 

tuantity  of  indentations  upon  their  surface.  Seeds  or  half-corns 
rop  into  the  cavities  and  are  carried  to  a  higher  level  in  the 
rotation  of  the  drum  than  whole  corns,  and  can  accordingly  fall 
upon  a  shelf  and  be  conveyed  away.     Fig.  124  shows  the  plan 
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and  section  of  the  fonn  of  indentation  which  ia  at  present  best 
Uked. 

The  application  of  this  plan  has  been  brought  to  practical 
nse  by  Mayer,  Schwalbe,  L'hnillier,  PemoUet,  Kurthe,  Aind, 
Van  Gelder,  Schnltz,  Pictet,  and  many  others.  AH  the  machines 
of  this  class  are  very  costly,  dif&cult  to  work,  tedions,  and 
very  hmited  in  capacity.  Still  the  work  they  accomplish  is  so 
good  that  even  were  they  slower  and  dearer  they  should  be 
universally  used. 

Van  Gdder's  patent  maltsters'  separating  and  grading  ma- 


FlO.  125.— Vis   QlLDIS'S  SCBIBK. 


chine  is  t3rpical  of  the  majority  of  the  best  of  these  screens,  as 
it  completely  screens,  cleans,  and  grades  all  barley  passed 
through  it. 

In  this' machine  the  upper  cylinder  takes  out  half-coma,  and 
the  lower  cylinder  takes  out  dust,  stones,  and  vetches.  The 
barley  is  divided  into  two  grades.  The  capacity  of  the  screen 
(as  illustrated.  Fig.  125)  is  about  35  bushels  per  hour,  and  the 
dimensions  are  9n.  long,  7ft.  6in.  high,  and  3ft.  6in.  wide. 

When  larger  capacity  ia  desired,  a  greater  number  of  cyhnders 
are  employed,  and  the  form  of  constmction  differs.  (See  Fig. 
126.) 


WAT.T  Aia>  UALTIK6. 


Fig.  1^6.— VjUf  GBLDBa  O&idik. 


Malt-scbeens. 


Malt-Bcreeas  aie  nearly  as  Dnmeroas  and  varied  as  barley- 
screens.    The  form  chiefly  used  in  Britain  is  as  Fig.  127. 


This  screen  has  the  wire  arranged  in  a  manner  that  is  very 
lasting  and  efficient. 


TOOLS  AND  APPABATUS. 


305 


A  series  of  steps  are  introduced  in  the  wire  part,  in  falling 
over  which,  the  malt  is  more  effectually  deprived  of  the  chives 
and  dust  than  in  passing  over  a  screen  with  a  flat  surface. 

The  hopper  is  fitted  with  sliding  board  and  screw  for  regulat- 
ingthe  feed. 

Frice  (wire  part — 3  ft.  6  in,  by  4  ft.  4  in.  long)  £5  10s.  Od. 

Upon  the  Continent  rotatory  screens  are  preferred  for  the 
removal  of  the  combes  or  chives;  and  in  the  breweries  of  Britain 
a  very  excellent  type  of  malt-screen  is  in  very  general  use,  made 
and  patented  by  Nalder  &  Nalder,  of  Wantage. 

These  screens  separate  dust,  thin  malt,  and  stones  from  malt 
prior  to  grinding.  They  are  constructed  with  wires,  arranged 
as  Figs.  127.  128,  129,  130. 

The  following  Figs.  (128—130)  illustrate  the  method  of  fixing 
the  spirally  wound  wires  of  the  rotatory  screen  into  the  notches 
of  the  longitudinal  bars,  when  rivetted  over.  These  notches 
being  cut  by  patent  machinery,  unfailing  accuracy  is  obtained. 
The  small  wires  are  of  steel. 


Fio.  128.~Nalds&'8  Scrbbn. 


Fig.  128  shows  the  fine  mesh  as  used  for  taking  out  the  malt 

dust. 


Fio.  129. — Naldbr's  Screbn. 


Fig.  129  shows  the  mesh  as  used  for  taking  out  thin  malt. 


Fio.  190.^Nal]>br*s  Scrbbx. 


Fig.  130  shows  the  mesh  as  used  for  separating  stones  from 

the  head-malt. 


Each  of  the  above  diagrams  represents  a  small  portion  of  the 

u  2 
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barrel  drawn  to  full  size — the  small  wires  are  the  spiiaJ,  the 
large  oneB  the  longitadinal,  as  shown  in  Fig.  131. 


Fio,  131.— Nujxk'i  Scrbim. 


The  method  of  fixing  and  asing  these  screens  is  sufficiently 
shown  in  the  following  (Pig.  132). 


Pin.  132.— NAlDIE'i  SCBEIS,  FiXID. 


The  above  engraving  represents  a  longitudinal  sectional 
elevation  of  a  class  B  machine  in  single  form.  In  this  the 
head  malt  falls  directly  &om  the  screen-barrels  into  the  roll 
hopper ;  the  thin  malt  falls  into  a  partition,  to  be  separately 
crushed  by  the  ordinary  rolls,  or  fails  directly  into  the  hopper 
of  a  small  pair  of  rolls,  specially  fixed  for  the  purpose.  The 
dust  drops  into  the  doet-bm,  and  the  stones  are  conveyed  away 
in  snitftble  spouts  to  any  convenient  receiver. 

It  is  preferable  to  have  self-feederrto  all  screens  of  this  sort, 
i.e.,  an  apparatus  as  shown  by  Fig.  133.  This  ie  a  amall 
receiving  barrel  fitted  with  a  abort  screw-conveyor  and  driven 
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from  the  spindle  of  the  screen.  The  relative  speeds  ate  con- 
aequeutly  always  equal  and  the  feed  to  the  screen-barrel  pro- 
portionate to  its  speed. 

MALT  HOPPERS 


FlO.  133.— SELF-rSBIXU. 

Although  these  screens  are  very  efBcient  and  of  great  utility, 
they  do  not  stop  nails  and  other  metallic  fragments  that  are 
invariably  to  be  found  in  all  grain  under  every  circumstance. 

To  arrest  this  metal  a  magnetic  screen  is  very  commonly 
employed. 

These  screens  (Fig.  134)  are  very  powerful  magnets  arranged 
as  shown  in  the  illustration.    The  malt  in  passing  in  a  tnin 


Fio,  134.'Ma<initic  Scssin. 


stream  not  exceeding  one  inch  in  thickness  over  the  upper 
surfaces  of  the  magnets  rarely  carries  beyond  the  magnet  any 
of  the  metal  commmgled  with  it. 

The  average  quantity  of  metal  in  malt  is  about  one  nail  per 
quarter. 

Shotels. — See  Turners. 
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Slippeks. 

In  nearly  all  well  regulated  malthouses  the  workmen  enj^aged 
in  cisterns  or  on  growing,  drying,  and  screening  or  store-floors, 
are  made  to  wear  slippers,  commonly  of  list  or  indiarubber. 

On  kiln  floors  or  in  cooling  rooms,  where  malt  is  trodden  to 
free  it  from  combes,  a  fqrm  of  slipper  or  patten  is  used  which 
has  securely  attached  to  its  sole  a  series  of  steel  blades  very 
similar  to  skate-blades  and  having  sharp  edges.  These  are 
found  to  remove  the  rootlets  without  damage  to  the  malt. 

Spabgebs. 

It  is  always  desirable  to  fix  over  all  square  cisterns  a  pipe  or 
series  of  pipes  filled  with  a  large  number  of  fine  holes,  which 
sparge  or  spray  the  steep-liquor  in  a  uniform  manner  over  the 
whole  surface  of  the  cistern.  These  pipes  should  always  be 
of  copper,  fitted  with  unions  for  easy  removal  and  cleaning. 

Circular  cisterns  have  frictionless  revolving  spargers. 

Steam  Boilebs. 

The  form  of  boiler  most  commonly  used  by  maltsters  is  of 
the  Cornish  or  Galloway  type.  These  are  so  generally  known 
that  it  is  needless  to  describe  them. 

Stencil  Plates. — See  Sacks. 
Testers. — See  Barley  Tests. 

Thebmometebs. 

Until  comparatively  recently  thermometers  have  been  used 
in  only  few  malt-houses.  Numerous  varieties  have  now  been 
tried,  and  the  more  useful  are  mentioned  hereafter.  As,  how- 
ever, the  question  of  heats  during  all  processes  of  malting  is  by 
far  the  most  important,  and  also  in  consequence  of  the  use  of 
the  thermometer  to  ascertain  the  temperatures  of  even  the 
drying  stage  being  so  very  limited,  I  treat  the  subject  at  greater 
length  than  in  a  few  years'  time  may  be  requisite,  i.e.,  in  the 
days  when  you  cannot  ask  one  hundred  maltsters  the  heat  of 
their  steeping-liquor,  or  the  heat  in  couch,  and  get  ninety-five 
of  them  stating  they  "  never  tried  it,  so  do  not  miow."  That, 
however,  fairly  represents  the  state  of  scientific  attainment  of 
the  maltsters  of  Great  Britain  in  this  year  of  grace  (a.d.  1885). 

As  thermometers  are  very  liable  to  become  aefective  in  use, 
it  is  a  matter  of  importance  to  every  maltster  to  determine  the 
accuracy  of  each  thermometer  in  his  possession.  This  is  very 
easily  and  simply  done  in  the  following  way : — 

Place  a  quantity  of  ice  granulated  to  about  the  size  of  small 
beans  in  a  small  vessel.  Take  care  to  have  a  hole  in  the 
bottom  that  admits  of  the  escape  of  the  water  that  is  formed 
by  the  liquefaction  of  the  ice.  JPlace  the  thermometer  in  this 
ice,  taking  care  fully  to  expose  the  bulb  and  to  cover  the 
whole  column  of  mercury.    When  the  mercury  has  become 
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absolutely  stationary,  the  thermometer  should  register  32^  Fahr., 
0^  Cent.,  0^  B^aum.  Any  variation  from  these  figures  marks  the 
degree  of  inaccuracy  of  the  instrument  at  the  cold  end  of  the 
scue. 

The  scales  of  thermometers  are  so  generally  marked  upon 
Fahrenheit's  scheme  in  Great  Britain  that  few  others  are 
understood.  Upon  the^  Continent  of  Europe,  and  in  the 
laboratories  of  Great  Britain,  other  scales  are  used,  owing  to 
the  greater  ease  with  which  some  calculations  arising  firom 
considerations  of  temperature  can  be  effected.  The  other 
scales  used  for  these  purposes  are  Celsius  (Centigrade)  and 
B^aumur. 

The  differences  are  considerable. 

Fahrenheit  places  zero  32P  below  freezing,  and  the  boiling 
point  180°  above  freezing,  consequently  we  get  the  boiling 
point  called  212°. 

Beaumur  and  Celsius  both  call  the  freezing  point  of  pure 
water  zero,  0°. 

Btoumur  'determines  the  boiling  point  at  80°,  and  Celsius 
100°. 

We  therefore  get  the  standards  variously  expressed — 


Fahr. 

Cent. 

Bianin, 

0°= 

—  17-7°  or 

- 14-2°. 

32° 

0°     ,. 

QP. 

212° 

100°      „ 

80°. 

250° 

1211°  „ 

96-9°. 

w"«  { iSg"*  T' 


A  temperature  exceeding  250°  is  never  required  in  a  malt- 
house  for  any  purpose  affecting  the  manufacture.  It  is,  there- 
fore, needless  to  tabulate  a  greater  heat. 

The  following  table  shows  at  a  glance  each  degree  Centigrade 
from  zero  Fahrenheit*  to  120°  Centigrade,  and  the  correspond- 
ing temperatures  upon  the  Fahrenheit  and  Beaumur  scales. 


Cent. 

Blanm. 

lUir. 

Cent. 

IUaiud. 

lUbr. 

— 17-7*     . 

.     —14-2^ 

0° 

6 

4 

.       41 

16 

12-8 

3-2 

6 

4-8 

.       42*8 

15 

12 

6 

7 

5-6 

.       44-6 

14 

11-2 

6-8 

8 

6-4 

46*4 

13 

10-4 

8-6 

9 

7-2 

.       48-2 

12 

9-6 

.       10-4 

10 

8 

.       60 

11          ..           8*8 

.       12-2 

11 

8-8 

.       51*8 

10 

8 

14 

12 

9-6 

.       52-6 

9 

7-2 

.       16*8 

13 

10-4 

65-4 

8 

6-4 

17-6 

14 

11-2 

.       57-2 

7 

6-6 

19*4 

15 

12 

.       59 

6 

4-8 

.       21-2 

16 

12-8 

.       60-8 

6 

4 

.       23 

17 

13-6 

.       62-6 

4 

3-2 

.       248 

18 

14-4 

64-4 

3 

2-4 

.       26-6 

19 

16-2 

66-2 

2 

1-6 

.       28*4 

20 

16 

.       68 

—1 

—0-8 

.       30-2 

21 

16-8 

.       69-8 

+0 

.       +0 

.   +32 

22 

17-6 

71-6 

1 

0-8 

.       33*8 

23 

18*4 

73-4 

2 

1-6 

.       36-6 

24 

19-2 

.       76-2 

3 

2-4 

.       37-4 

25 

20 

.       77 

4 

3-2 

.       39-2 

26 

20-8 

.       78-8 
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Cent 


Bteum. 


Eahr. 


27° 

21-6°   . 

.   80-6^ 

28 

22-4 

.   82*4 

29 

23-2 

•   84-2 

30 

24 

.   86 

31 

24-8 

.   87-8 

32 

26-6 

.   89-6 

33 

26-4 

.   91-4 

34 

27-2 

.   93-2 

35 

28 

.   96 

36 

28-8 

.   96*8 

37 

29-6 

.   98-6 

38 

30-4 

.  100-4 

39 

31-2 

.  102-2 

40 

32 

.  104 

41 

32-8 

.  105-8 

42 

33-6 

.  107-6 

43 

34-4 

.  109-4 

44 

35-2 

.  111-2 

45 

36 

.  113 

46 

36-8 

.  114-8 

47 

37-6 

.  116-6 

48 

38*4 

.  118-4 

49 

39-2 

.  120-2 

50 

40 

.  122 

51 

40-8 

.   123-8 

52 

41-6 

.  125-6 

63 

42-4 

.  127-4 

54 

43-2 

.  129-2 

66 

44 

.  131 

56 

44-8 

.  132-8 

57 

46-6 

.   134-6 

58 

46-4 

.  136-4 

69 

47-2 

.  138-2 

60 

48 

.  140 

61 

48-8 

.  141-8 

62 

49-6 

.  143-6 

63 

60-4 

.  145-4 

64 

51-2 

.   147-2 

66 

52 

.  149 

66 

62*8 

.  160-8 

67 

63-6 

.  152-6 

68 

64*4 

.   154-4 

69 

65-2 

.  166-2 

70 

66 

.  158 

71 

56-8 

.  159-8 

72 

67-6 

.  161-6 

73 

68-4 

.  163-4 

Cent. 

B^aum. 

Vahr, 

74° 

59-2°   . 

.  165-2<> 

76 

60 

.  167 

76 

60-8 

.  168-S 

77 

61-6 

.  170-6 

78 

62-4 

.  172-4 

79 

63-2 

.  174-2 

80 

64 

.  176 

81 

64-8 

.  177a 

82 

65-6 

.  179-6 

83 

66-4 

.  181-4 

84 

67-2 

.  183-2 

85 

68 

.  186 

86 

68-8 

.  186-8 

87 

69-6 

.  188*6 

88 

70-4 

.  190-4 

89 

71-2  .  . 

,  192-2 

90 

72 

.  194 

91 

72-8 

.  196-8 

92 

73-6 

.  197-6 

93 

74-4 

.  199-4 

94 

76-2 

.  201-2 

95 

76 

.  203 

96 

76-8 

.  204-8 

97 

77-6 

.  206- J 

98 

78-4 

.  208-4 

99 

79-2 

.  210-2 

100 

80 

.  212 

101 

80-8 

.  213-8 

102 

81-6 

.  216-6 

103 

82-4 

.  217-4 

104 

83-2 

.  219-2 

105 

84 

.  221 

106 

84-8 

.  222-8 

107 

85-6 

.  224-6 

108 

86-4 

.  226-4 

109 

87-2 

.  228-2 

110 

88 

.  230 

111 

88-8 

.  231-8 

112 

89-6 

.  233-6 

113 

90-4 

.  235-4 

114 

91-2 

.  237-2 

115 

92 

.  239 

116 

92-8 

.  240-8 

117 

93-6 

.  242-6 

118 

94-4 

.  244*4 

119 

95-2 

.  246-2 

120 

96 

.  248 

The  rules  for  conversion  of  any  given  temperature  of  one 
scale  to  the  corresponding  degree  of  any  other,  are  compara- 
tively simple  and  easy  of  remembrance. 

These  different  scales  are  known  to  be  at  boiling,  or  212^ 
Fahr.,  as  follows : — 


212^  Fahr. 


100  Cent. 


80  B^aum. 


As  32^  Fahr.  mark  the  difference  of  the  freezing  point  of  water, 
between  the  Centigrade,  or  B^aumur,  or  Fahrenheit  scales  the 
actual  difference  is,  consequently — 


180°  Fahr. 


100  Cent. 


80  B^aum. 


Bearing  in  mind  these  facts,  it  is  obvious  that  if  it  is  desired 
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to  convert  any  paxticular  temperature  marked  upon  a  Fahren- 
heit scale  into  B^aumur  or  Centigrade,  we  must  first  subtract 
32^ ;  and  if  B^aumur  degrees  are  required,  multiply  the  product 

by  80,  and  divide  by  180= 5 ;  or  if  degrees  Centigrade,  then  the 

5 
product  must  be  multiplied  by  100,  and  divided  by  180= g. 

This,  still  more  simply,  can  be  expressed. 

Degrees  Fahr.  into  degrees  B^aum.-^ 

rF.-32)x4_ 

9 ""  •^• 

Degrees  Fahr.  into  degrees  Cent. — 

rF.-32)x5_o^ 
9 ^• 

Degrees  E^aum.  into  degrees  Cent. — 

°R.xlO 


C. 


8 

Degrees  B^aum.  into  degrees  Fahr. — 

(QB.x9)+32^_,.p 

Degrees  Cent,  into  degrees  R^aum. — 

^C.  x8    Q  ^ 
"1[0~="   ^• 

Degrees  Cent,  into  degrees  Fahr. — 

(°C.x9)+32 

5  "*   '^• 

Illustrations : — 

Supposing  we  require  to  know  the  corresponding  values  of 
50^  on  all  the  scales. 

50°  Fahr.  converted  to  degrees  Beaum. — 

(50°-32)x4^Qo  jj 
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50°  Fahr.  converted  to  degrees  Gent. — 

(50°— 32)  X  5 


8 


10°  C. 


50°  B^aum.  converted  to  degrees  Cent.' 

^^^°=62-5°C. 


50°  Eeaum.  converted  to  degrees  Fahr. — 


50°  X  9+32 


144-5°  F. 


50°  Cent,  converted  to  degrees  E^aum.- 

60°x8 


10 


=40°  B. 


50°  Cent,  converted  to  degrees  Fahr. — 


50°  X  9+32 


=  122°  F. 


For  general  use  upon  floors,  cistern,  and  kiln,  the  two  ther- 
mometers (Figs.  135, 136)  are  generally  liked. 


Fio.  13o.— Maltstbr*8  Thbrmombtbb. 


When  it  is  desired  to  register  or  indicate  the  heat  of  malt  or 
air  in  kilns,  at  any  required  spot  at  a  distance,  the  electric 
thermometer  is  of  value. 


rroPEr  mTTNfi 


Fzo.  136.  -Stopss'  Thb&mombtbr. 

For  these  doubly-adjusting  electrical  Sixes  thermometers,  it  is 
claimed  that  the  mdices  can  be  set  for  any  desired  range  of 
temperature,  large  or  small,  and  at  any  part  of  the  thermome- 
trie  scale ;  and  they  can  be  so  arranged  that  they  are  solely 
under  the  control  oi  the  person  who  sets  them,  and  therefore 
they  caimot  be  tampered  with  after  they  are  once  set.  If  the 
temperature  either  rises  above  or  falls  below  the  set  limits,  a 
bell  is  sounded,  or  some  other  signal  given,  at  any  desired 
distance  from  the  instrument.    The  thermometric  fluids  are 
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hermetically  seaJed  in  the  tubes,  so  th&t  no  entrEince  of  air  is 
possible.  This  is  an  accurate  thermometer  and  ia  made  to  give 
warning  of  an  excess  of  both  heat  and  cold,  and  it  is,  at  the 
same  time,  adjastable  with  ease  and  certainty.    Price  £3  5s. 

A  form  of  self-recording  thermometer  for  ose  on  floors  or 
kilns  is  in  uae  in  Germany  by  which  a  pointer  marks  in  a 
slowly  revolving  ruled  sheet  the  exact  temperature  of  floors. 


This  ia  not  mercurial,  but  depends  upon  the  expansion  of 
metal.  Its  great  advantage  is  that  it  continuously  records  for 
a  whole  week  the  actual  temperature  at  every  hour  of  the  day 
and  night. 

This  instrument  is  very  easily  adjusted  to  indicate  elec- 
trically  at  any  distance  a  maximum  or  minimum  degree  of 
beat  desired. 

TUBNBBS. 

The  stirrers  and  turners  now  used  in  maltbouses  are  peels, 
prods,  plougha,  pronga,  forks,  shovels,  skimmers,  and  screws. 
Of  these,  peels,  prods,  and  skimmers  are  of  wood,  and  are  used 
for  stirring,  turmng  and  skimming  off  or  removing  the  com  in 
steep  or  on  floor. 

Forks  and  shovels  are  of  wood,  iron,  steel,  and  tin. 

Screws  ore  of  iron  and  gun-metal. 
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Wooden  Bbovels.  like  Fig.  138,  or  forks,  like  Fig.  139,  are 


Fio.  130.— Shot  1 1 


mode  of  beech,  willow,  or  sycamore.     They  are  called  deep  or 
barn  shovels,  and  flat,  turning,  or  kiln  shovels. 


In?] 


Fio.  13>.— Woodmm  Pobk. 


t'la.  110.— Stiil  Fokk*. 
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Tin  shovels  are  generally  used  in  cisterns. 

Steel  shovels  are  used  on  kilns  or  for  fomaces. 

Very  nameroae  types  and  sizes  are  used.  Flat  beech  tmning 
shovels  range  from  12  in.  to  18  in.  in  width. 

For  turning  great  depths  of  grain  germinatiDg  apon  growing 
floors  or  steeping  in  cistern  the  Saladin  turner  is  commonly 
employed.     (See  Fig.  47,  p.  233.) 

The  appUcation  of  this  screw  is  explained  by  Fig.  48,  p.  234. 

Valves. 

Water-,  gas-,  steam-,  and  grain-valves  are  used  in  malt-houBes, 
These,  necessarily,  are  of  very  varied  designs,  and  any  useful 
form,  even  if  identical  with  those  used  in  Pompei,  can  be 
employed. 

The  best  form  of  discharge  valve  for  cisterns  yet  used  is  pro- 
bably that  designed  by  me.     (Fig.  11,  p.  192.) 

With  a  full  clearway  of  7"  dia.,  these  valves  empty  a  cistern 
or  gelatiniser  with  great  rapidity,  and  never  choke. 


Washebs. 

It  is  desirable  to  wash  barley  prior  to  steeping,  but  at  present 
it  is  very  rarely  done.  The  Stopee'  barley-waeher  is  illustrated 
by  Fig.  141. 


Fio.  141— Stopbb'  Buu.it- Wabhib. 

This  is  an  improvement  upon  the  washer  made  by  M 
Galland.  The  badey  falls  in  at  one  end  of  the  washing-trough, 
and  is  transported  by  the  screw  to  the  small  hopper  at  the 
opposite  end.  Here  it  meets  an  upward  stream  of  pure  water, 
which,  flowing  along  in  the  opposite  direction  to  the  screw, 
discharges  at  the  feeding  end,  and  carries  with  it  alt  the  finer 
and  floating  particles  brushed  or  washed  from  the  com.  The 
inlet-water  valve  is  larger  than  the  bottom  orifice  through 
which  the  barley  and  water  fall,  consequently  a  small  proportion 
of  the  water  flows  continually  m>  through  the  water-trough. 
The  combined  water  and  corn  &U  into  the  steeping-dstem 
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over  a  emaU  overebot  waterwheel,  which  commnnicates  the 
power  Deeded  to  torn  the  sciew-conTeyor.  This  makes  the 
machine  practically  self-acting,  the  only  attention  needed  being 
to  regolate  the  relative  flows  of  com  and  water. 

Weiohino-machines. 

Barley  and  malt  are  aold  by  weight  as  well  as  measare  in 
many  cases.     Consequently  a  mean  of  weighing  is  necessary. 

The  methods  used  and  weights  expressed  vary  needlessly 
very  greatly. 

Beam-scales,  balances,  springs,  eteelyaxds,  and  more  complex 
machines  are  all  in  use. 

The  weights  commonly  employed  are  Ihs.,  stones,  qoarters, 
centals,  hundredweights  and  tons. 


Pio.  142.— Hart's  Wbiohiho-kachini. 

Fig.  142  represents  the  simpler  form  of  table  scales  now  need. 
This  machine  is  of  excellent  design,  and  as  it  has  no  loose 
weights,  is  always  of  faU  service.  A  great  diversity  of  machines 
somewhat  similar  in  working  and  appeEirance  are  also  in  use. 

A  totally  different  machine  has  been  recently  invented,  and 
is  very  much  approved.  It  is  known  as  Renther's  patent 
automatic  weighing  and  registering  machine,  and  it  is  a  very 
reliable  and  useful  instrument  for  weighing  barley  when 
delivered  into  receiving  bins,  or  malt  after  cleaning,  prior  to 
despatch  from  the  malt-house. 

The  principle  of  this  machine  (Fig.  143)  is  that  of  the 
ordinary  scale-beam,  and,  essentially,  it  consists  of  an  eqaal- 
aimed  scale-beam  having  its  three  axes  in  the  same  line,  with 
the  scale  for  the  weights  at  one  end,  and  at  tbe  other  the 
receiving  vessel  for  tbe  material  to  be  weighed.     Improved 
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aatomatic  mechanical  arrangementa  close  the  inlet  the  moment 
the  exact  weight  ret^oired  hB,s  entered  this  receiver;  they 
instantly  open  the  diecbarge-fiap  at  the  bottom,  and  close  it 
when  the  grain  has  nm  out.  The  inlet  is  then  re-opened,  and 
each  weighing  registered  on  the  dial. 

A  special  stop-motion  is  ftlBo  applied,  by  which  the  machine 
can  be  Bet  to  stop  when  any  desired  number  of  weighings  has 
been  made,  as,  for  instance,  when  a  certain  nnmber  of  quarters 
are  to  be  cleaned,  or  sacks  to  be  filled.  Say  50  are  needed. 
The  index  is  referred  to ;  if  it  stands  at,  say,  2,450,  the  stop 
would  be  set  at  2,500.  Then  directly  the  nnmber  50  had  been 
weighed,  the  motion  of  the  machine  would  be  arrested 
automatically. 

It  is  also  made  so  that  the  correctness  of  the  weighings  con 
be  tested  at  any  time  by  simply  hooking  a  lever  into  a  catch ,  and 


Keutheu's  WBiomsa-iiACHtNX 


without  having  to  remove  the  charge  weighed  to  any  other 
weighing-machine  or  scale,  aa  the  real  weight  of  the  holder  and 
contents  can  be  ascertained.  The  accuracy  of  these  machines 
has  been  tested,  and  proved  to  attain  the  remarkably  high  stan- 
dard of  error  of  only  1  lb.  in  80  tons. 

The  counter  connected  with  the  mechanism  is  so  arranged 
that  the  dial-plate  shows  the  weight  of  each  charge,  and  also 
the  exact  weight  of  all  that  has  been  weighed  for  a  week,  or  a 
year.  It  may  be  adapted  to  show  bushels,  quarters,  or  any 
unit  desired.  The  dial  has  six,  or  in  the  larger  machines, 
seven  figures,  bo  that  it  will  register  up  to  one  or  ten  millions 
respectively.  When,  after  more  than  a  year  if  the  machine  is 
in  constant  action,  it  reaches  the  maximum,  it  goes  back 
automatically  to  0,  and  recommences. 

A  cover  is  provided  for  each  machine,  which  covers  all  the 
mechanism,  leaving  only  the  dial  of  the  counter  exposed.  The 
machine  is  thus  protected  from  accidental  or  malicious 
interference. 
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My  own  experiences  as  a  student  have  induced  me  to  devote 
more  space  to  the  description  of  tools  than  is  common  in  works 
of  this  class.  In  reading  old  books,  I  frequently  find  apparatus 
vaguely  alluded  to,  and  I  long  for  fuller  details  or  drawings. 
Assuming  that  others  may  possibly  have  the  same  desire,  has 
made  me  spend  the  energy  and  time  necessary  to  accomplish 
this  task,  which  at  the  best  is  invidious,  imperfect,  and  com- 
paratively useless  to  the  present  generation,  and  may  be  sneered 
at  as  needless  by  the  succeeding  ones. 
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PART  IV.— PROCESSES   OF  MANUFACTURE. 


CHAPTER  XVin. 

SELECTION  AND  PREPARATION  OF   MATERIALS. 

Selectloii  and  Fzeparatioii  of  Materials : — 
Vitality.  Cleeixilineas.  Screening.  Washing.  Grading.  Cost  of  Ghrading. 
Ben^ts  of  Grading.  Sweatins^.  Neoeasi^  for  Sweating.  English  and 
Shipped  Com.  Absorption  of  Moisture  by  Grain.  Opinions  of  Qiunpion, 
Faulkner,  Ford,  Sohultze,  &c.  Benefits  of  Sweating.  Uniformity  of  Growth. 
Bins.    Systems  of  Working.    Number  of  Men  Required. 

Having  disposed  of  all  the  preliminary  and  surrounding 
aspects  and  stages  of  malting,  it  will  be  now  comparatively 
simple  to  deal  directly  with  the  actual  work  of  making  malt. 

Careful  perusal  of  some  of  the  preceding  chapters  will  teach, 
in  a  detailed  form,  much  concerning  the  materials  and  appaoratus 
employed,  the  buildings  used,  and  the  ends  sought. 

It  has  been  made  plain  that  to  make  malt  well  it  is 
essential — 

I.— ^To  have  a  malting  so  arranged  that  the  work  can  be 

done  properly  and  economically. 
II. — That  proper  material  must  be  employed, 
in. — That  the  end  sought  must  be  understood,  and  the  best 
means  of  its  attainment  must  be  practised. 

Assuming  these  important  points  to  be  understood,  it  is  now 
necessary  practically  to  consider  the  modes  of  manufacture. 

Barley  or  any  other  grain  to  be  made  into  malt  has  to  be 
steeped,  grown,  and  dried. 

Some  maltsters  fancy  these  three*  operations  cover  their 
whole  duty  when  making  malt,  and  they  ignore  an  operation 
which  in  itself  is  equally  important. 

All  grain  prior  to  use  should  be  selected  and  prepared  with 
great  care.  No  selection  can  be  so  careful,  nor  preparation  so 
elaborate  as  to  be  called  wasteful,  for  a  long  hfetime  may  be 
spent  without  once  seeing  a  sample  of  barley  fit  for  the  cistern 
before  considerable  preparation. 

The  steps  of  preparation  commonly  needed  are — 

I. — Cleaning. 
II. — Grading, 
ni. — ^Drying  or  sweating. 

*  Usually  expressed  by  other  writers  as  four  processes,  who  consider  couching  as 
a  separate  process.    It  is  preferable  to  regard  it  simply  as  a  part  of  growing. 
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The  selection  of  com  is  a  faculty  best  acquired  in  the  market 
and  malt-house  under  proper  tuition.  Artists  or  poets  may  be 
bom,  but  a  good  judge  of  barley  has  to  learn  from  the  experience 
of  others. 

Taking  the  characteristics  of  com  already  set  forth  (Chap. 
Vni.,  pp.  79-99)  into  carefal  consideration,  and  allowing  the 
reasonings  therein  contained  to  be  of  some  weight,  the  most 
important  quality  is  the  vitality  of  the  grain.  Nothing 
whatever  need  be  done  to  grain  which  will  not  grow  properly, 
unless,  of  course,  it  is  deemed  necessary  to  try  to  malt  it. 

Vital  or  live  com,  no  matter  how  good  or  bad  it  may  be, 
requires  to  be  cleaned  ;  no  matter  how  big  or  even  it  may  be, 
it  requires  to  be  graded  ;  and  no  matter  how  dry  it  may  be,  it 
requires  to  be  sweated. 

I  have  had  numerous  samples  of  barley  submitted  to  me  as 
being  perfect,  but  I  have  yet  to  see  any  sample  whatever  clean 
enough  or  sufficiently  even  (uniform)  to  be  fit  for  steeping  prior 
to  screening  and  grading. 

No  dust  or  dirt  adhering  to  com  is  of  use  or  benefit  in  the 
process  of  malting.  Much  of  the  so-called  dust  and  dirt  is  of  a 
positively  harmful  character.  The  substances  adhering  to 
grain  that  are  more  readily  putrefactive  than  live  com,  are  of 
themselves  baneful  and  undesirable.  The  germs  and  spores  of 
numerous  ferments  and  fungoid  organisms  are  visibly  detri- 
mental and  destructive. 

Proper  screening,  brushing,  and  washing,  remove  many  of 
these  evils. 

The  modes  of  arrangement  for  these  operations  necessarily 
vary  too  greatly  to  be  described  generally.  Numerous  simple 
and  effective  methods  exist,  but  nearly  if  not  quite  all  require 
to  be  carried  to  a  more  perfect  point  than  any  yet  attained. 

Grading  grain  is,  if  possible,  still  more  important  than 
cleaning  it.  As  well  might  we  give  garments  of  one  uniform 
size  and  pattern  to  men,  women,  and  children  alike,  as  steep 
and  grow  in  one  place  all  together — barleys,  heavy  and  light, 
large  and  small,  perfect  and  damaged,  overgrown  and  under- 
grown.  The  resulting  malt  cannot  by  any  possibility  be  so 
good  as  it  might  have  been,  had  care  been  taken  to  ensure  at 
least  uniformity  of  size. 

Grain  can  now  be  graded  into  classes  in  which  every  kernel 
is  of  one  uniform  length  and  width,  and  from  which  every 
foreign  matter  capable  of  separation  has  been  removed.  It  is 
simply  marvellous  that  practical  men  cannot  see  the  immense 
advantages  during  steeping,  growth,  drying,  and  use,  of  only 
malting  com  so  selected. 

Any  machine  which  does  not  grade  into  at  least  three  sizes 
of  useful  com,  and  remove  all  broken  kernels  and  defects,  or 
rubbish  of  every  kind,  should  be  put  on  one  side  when  it  is 
desired  to  make  malt  of  best  quality. 

The  only  practical  objection  that  can  be  urged  against 
elaborate  and  carefal  cleaning  of  grain  is  the  expense. 

At  first  sight  this  seems  reasonable,  for  the  cost  of  cleaning 
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is  necessarily  considerable.  In  the  first  place,  an  efficient 
grader  must  possess  a  fan  or  aspirator,  a  series  of  cylinders  and 
drums — each  capable  of  removing  a  particular  description  of 
com  or  refuse — elevators,  and  conveyors. 

In  many  cases  a  receiver  for  dust  has  to  be  built,  and  very 
frequently  the  use  of  a  grader  necessitates  the  addition  of  motive 
power. 

Consequently  a  grader  to  screen  efficiently  ten  quarters  per 
hour  costs,  complete,  d6700. 

The  cost  of  maintenance  is  also  considerable,  involving 
repairs  and  renewals,  fuel,  oil,  and  wages. 

Allowing,  therefore,  ten  per  cent,  for  depreciation  of  machines, 
we  find  the  cost  of  grading  as  follows  : — 

Prime  outlay        £700 

Annual  cost- 
Depreciation dB70 

Bepairs,  fuel,  and  wages     ...         50 

£120  perann. 

This  cost,  spread  over  6,000  quarters  of  com,  means  an 
outlay  for  screening  of  4'8d.  per  quarter.  To  this  has  to  be 
added  the  loss  of  barley  by  removal  of  refuse  and  thin  com.  In 
extreme  cases  this  amounts  to  nine  and  is  rarely  less  than  two 
per  cent. 

In  smaller  maltings  the  cost  ]3er  quarter  is  larger  relatively 
than  in  big  houses.  Assuming  it,  however,  to  be  three  times 
greater  than  it  is,  and  that  it  costs  Is.  per  quarter,  we  find  : — 

Per  qizarter. 
B.     d. 

Cost  of  grading 1    0 

Loss  of  com,  say  three  per  cent,  of  the  bulk, 
at  the  average  price  of  barley  for  the 
past  five  years  ...         1    0 

Total  loss  and  cost  per  quarter 2    0 

This  estimate  is,  in  practice,  too  liberal. 

The  gain  is  the  improved  appearance  of  the  malt,  which 
commercially  is  worth  to  the  mcdtster  for  sale  at  least  3s.  per 
quarter,  but  in  the  average  would  be  more,  and  the  true  increase 
of  value  to  the  brewer,  which  is  actually  worth  at  least  4s.  per 
quarter,  independently  of  the  superior  quality  of  the  wort 
produced  from  malt  which  has  been  well  cleaned  and  graded. 

All  barley  is  benefited  by  sweating  on  kiln  prior  to  steeping, 
although  considerable  diversity  of  opinion  is  expressed  by  the 
various  authors  who  have  alluded  to  it. 

Champion*  strongly  recommends  the  kiln-drying  of  com 
five  years  out  of  six.  He  even  goes  so  far  as  to  warmly 
recommend  the  purchase  of  barley  late  in  the  season  (say  May), 
sweating  it,  and  storing  it  for  use  in  September  and  October, 

•  Wx.  CBAXFioir,  The  Maltster's  Guide  (London,  1832),  pp.  172^174. 
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before  the  new  com  is  fairly  fit  for  use,  and  he  states  the 
growth  to  be  everything  one  could  wish. 

Faulkner  also  says* : — "  The  kind  of  artificial  sweating  on 
'*  Inin  at  a  temperature  of  100°  to  120°  Fahr.  has,  no  doubt,  the 
"  capacity  of  rendering  many  barleys  out  of  condition  more 
"  smted  for  malting  purposes ;  it  takes  the  place  apparently  of 
''  the  sweat  in  stack,  enlivens  the  vital  germ,  ensures  equal 
''  growth,  vastly  improves  colour,  and  is  a  process  that  enables 
'*  English  barleys  to  compete  more  successfully  with  those 
"  grown  under  climatic  conditions  not  often  so  disastrous  as 
"  those  experienced  by  our  English  farmers." 

In  seasons  that  are  late,  or  very  wet  during  harvest,  the 
ordinary  effects  of  ricking,  or  the  modification  of  the  constituents 
of  barley,  consequent  upon  stacking,  do  not  take  place.  The 
modem  fashion  of  threshing  by  steam,  either  when  carting 
or  almost  immediately  after  stacking,  has  to  a  maltster  the  un- 
satisfactory result  of  his  purchasing  samples  that  have  not  duly 
sweated.     Such  com  rarely  grows  regularly  or  well. 

Cold,  damp,  and  early  com  is  nearly  always  improved  by 
sweating.  Like  every  other  operation  in  a  malting,  it  requires 
discrimination,  and  the  exercise  of  practical  judgment.  Broadly 
speaking,  almost  every  sample  that  has  not  been  influenced  by 
damp  sufficiently  to  start  the  acrospire  is  decidedly  the  better 
for  a  few  hours  upon  the  kiln,  prior  to  storing  or  steeping.  If 
the  acrospire  has  moved,  then  drying  does  more  harm  than 
good.  If  any  damage  has  been  done  in  shipment  or  other 
mode  of  transit,  it  is  better  to  steep  promptly,  and  not  to  sweat 
such  com,  provided  such  damage  is  considerable.  Experiments 
made  at  the  California  Agricultural  College  tend  to  confirm  the 
belief  that  no  shipment  of  com  can  be  effected  without  absorp- 
tion of  moisture.  Amongst  shippers,  an  opinion  is  prevalent 
that  grain  absorbs  sufficient  moisture  during  transit  to  cover 
freight,  and  these  experiments  support  the  idea.  Various  kinds 
of  grain  were  placed  in  a  moist  atmosphere,  and  the  increased 
weight  noted.  The  saturation  was  permitted  for  fifteen  days, 
but  it  was  found  that  an  increase  of  33  per  cent,  in  weight  of 
the  grain  was  experienced  in  the  first  twenty-four  hours.  The 
results  of  the  experiments  were  as  follows. t 

First  24  hours.  Total  in  15  days. 

Oats    2*79  per  cent 7*7  per  cent. 

Barley 1*45        „  7'0        „ 

Wheat 245        „  6*56      „ 

It  was  computed  that  perfectly  dry  grain  at  a  temperature  of 
65°  Fahr.  would  absorb  as  follows  : — 

Oats     ...        ...        ...        ...        29*08  per  cent. 

Barley 28*17        „ 

Wheat 2502        „ 

*  F.  FAtTLKirBB,  The  Theory  and  F^otioe  of  Modem  Brewing  (London,  1884), 
p.  18. 

t  Engineer,  July  28,  1882,  p.  63. 
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Until  these  figures  are  confirmed  by  ftdler  experiment,  they 
must  be  regarded  as  being  very  high  and  practically  never 
attained.  They,  however,  point  very  clearly  to  the  desirability 
of  sweating  somid  and  (so-called)  dry  j^arcels  of  barley,  that 
have  had  a  voyage,  as  all  com  shipped  is  necessarily  damped 
unequally. 

Ford*  says  :  "  Barley  may  be  dried  at  a  temperature  under 
"  the  com  not  exceeding  130°.  I  prefer  12(r,  com  not  to 
**  exceed  3  in.  in  depth.  It  the  heat  is  carried  above  130°, 
''  vitahty  is  impaired.  Malted  grain  dried  at  a  heat  above  170° 
'*  will,  if  sown  in  the  earth  again,  vegetate,  but  not  sufficiently 
"  strong  to  bear  seed."  Dr.  Schultze  contends  that  barley 
with  a  small  percentage  of  grown  com  is  capable  of  making 
fair  malt.  (See  Barley,  p.  75) .  Sweating  such  barleys,  how- 
ever, is  not  desirable. 

Sweating  is  best  ceurried  on  at  a  low  uniform  temperature, 
rarely  exceeding  105°  Fahr. 

The  main  benefits  of  sweating  are  (1)  the  greater  freedom 
from  evil,  and  much  greater  sweetness  and  safety  during 
storage ;  (2)  the  reduction  of  the  grain  to  a  uniform  degree  of 
dryness,  with  consequent  uniformity  of  absorption  of  moisture 
during  the  steeping.  Barley,  properly  and  thoroughly  dried, 
never  heats  in  the  granary,  even  if  stored  in  bulk  at  great 
depths. 

It  is  generally  an  advantage  to  allow  barley  to  remain  in  bins 
for  a  fortnight  after  sweating,  prior  to  steeping.  If  it  is  in- 
tended to  store  it  in  deep  bins,  it  is  always  desirable  to  cool 
before  storing,  and  not  to  put  it  directly  into  bins  from  kiln. 

By  cleaning  and  grading  esich  consignment  or  growth  ot 
barley  as  it  is  received  at  the  malt-house,  it  is  possible  to  keep 
all  the  head  or  best  com  separated  from  otner  growths,  if 
sufficient  bins  are  empty,  and  the  bulk  delivered  amounts  to  a 
wetting. 

If  the  bulk  is  less  than  a  wetting,  then  other  com  must  be 
necessarily  added  to  make  up  a  steep,  unless  it  is  a  house  with 
two  kilns  and  double  or  qua^niple  cisterns,  in  which  case  half  a 
steep  can,  for  any  special  purpose,  be  resorted  to. 

It  is  desirable  to  keep  com  as  much  separated  as  possible,  for 
the  admixture  of  growths  of  com  inevitably  causes  a  deviation 
from  the  best  time  for  steeping  or  soaking  of  either  or  both 
samples,  and  a  necessary  dinerence  in  gro^h,  in  the  majority 
of  cases. 

It  nevertheless  remains  a  matter  of  theory  (which  I  have 
abundantly  proved  in  practice)  that  it  is  preferable  to  mix  two 
different  growths  of  barley,  uniform  in  size,  than  to  steep  the 
whole  of  a  growth  just  as  received  with  its  usual  admixture  of 
small  com,  broken  kernels,  refuse,  &c. 

To  illustrate  this  important  point  more  folly.  A  house 
wetting  50  quarters  every  other  day  (therefore,  a  hundred- 
quarter  house)  receives  50  quarters  of  barley  from  a  particular 
farm,  all  of  one  growth.     This,  if  screened,  might  lose  three 

*  Malting  and  Bzewing,  p.  128. 
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bushels  of  rubbish  and  dirt,  and  three  quarters  five  bushels  of 
thin  com.  It  would  be  preferable  to  add  four  quarters  of  any 
similar  com  that  could  be  taken  (which  also  was  freed  from 
dirt  and  thin  com)  than  to  put  into  cisterns  the  three  bushels 
of  dirt  and  the  quantity  of  thin  com,  for  the  double  reason  that 
even  a  small  quantity  of  dirt  is  very  objectionable,  and  it  is 
almost  as  bad  to  put  thin  corns  under  the  same  conditions  as 
stout  plump  kernels. 

Probably  the  greatest  gain  derivable  from  careftd  grading  is 
the  consequent  removal  of  damaged  corns  or  half-kernels. 
These  can  under  no  possibility  be  of  use  in  malt,  but  in  every 
way  are  objectioname  and  bad.  Not  only  are  they  bad  in 
themselves,  but  they  become  the  centres  or  notbeds  of  infection 
to.  healthful  corns.  Mould  and  fungoid  growths  find  in  them 
the  best  possible  centres  for  propagation,  and  from  them  they 
disseminate  themselves  throughout  the  mass. 

This  is  readily  proved  by  inspecting  the  appearance  at  loading 
on  kiln  of  two  different  steepings  of  the  same  growth  of  barley, 
from  one  of  which  the  half-coms  have  been  removed,  whilst 
the  other  has  been  simply  screened.  Should  the  weather  and 
conditions  of  the  house  at  all  favour  the  growth  of  mould,  the 
one  floor  will  be  visibly  blue,  and  smell  distinctly  putrid ;  the 
other  will  be  clean  and  pure. 

Maltsters  may  not  attach  much  importance  to  this,  but  the 
day  is  fast  coming  when  brewers  will,  for  the  lessons  it  teaches 
are  being  rapidly  learned.  The  ravages  mould  is  now  permitted 
to  perpetrate  every  day,  entirely  through  the  ignorance  of 
maltsters,  is  a  thing  that  a  more  enlightened  generation  will 
not  possibly  tolerate.  The  one  thing  that  will  do  most  for  its 
removal,  is  the  proper  grading  of  com,  and  the  separation 
of  defective  kernels  and  dirt. 

Should  barley  be  kept  from  one  season  to  another,  it  is  very 
desirable  not  only  to  clean  and  grade  it,  but  also  to  kiln-dry  it 
very  carefully  prior  to  delivery  to  bins.  Dirt  and  mould  are 
both  bad  things,  but  their  power  to  do  evil  is  largely  reduced 
when  barlev  is  dry.  Dampness,  on  the  other  hand,  is  capable 
of  entirely  killing  barley  when  it  is  perfectly  clean  and  free  from 
mould.  Numerous  experiments,  already  alluded  to,  or  detailed 
by  Haberlandt,  de  Saussure,  and  others,  have  conclusively 
proved  that  one  of  the  main  factors  in  the  destruction  of  vitaUty 
m  seeds  is  moisture. 

Common  sense  teaches  the  desirability  of  having  com  clean 
prior  to  lengthened  storage,  and  the  benefit  of  removing  &x)m 
it  all  refuse  and  useless  matter. 

For  further  remarks  upon  this  subject,  see  Chaps.  VIII.,  X., 
XI.,  XIX.  Wheat,  oats,  and  rye  are  all  equally  to  be  under- 
stood when  barley  only  is  spoken  of,  throughout  this  chapter. 

A  man  single-handed  can  malt  12  to  15  quarters  every  four 
days,  or  three  times  a  fortnight,  in  the  slovenly  manner 
generally  found  in  small  one-man  houses. 

A  fifty  or  sixty-quarter  house  requires  three,  four,  or  five 
men,  according  to  the  system  upon  which  it  is  worked.    In  the 
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English  system,  it  is  wise  to  allow  a  maximum  of  12  quarters 
per  man,  if  it  is  intended  to  be  grown,  screened,  and  worked 
honestly  and  properly. 

There  are  several  slight  differences  of  working  houses 
adopted  in  this  country,  which  go  under  the  najnes  of  the 
plsbces  in  which  they  originate  or  are  most  practised,  or  of  their 
mventors — such  as  Galland's,  Marbeau,  Stopes',  the  Ware, 
Newark,  Burton,  Essex,  Scotch,  &c.  These  variations  are 
chiefly  interesting  to  maltsters,  and  consist  of  differences  in 
duration  of  steep,  sprinkling  on  floor,  growth  of  acrospire  (or 
plumule),  extent  of  vnthering,  and  duration  and  extent  of 
drying,  &c. 

The  widest  difference  is  that  between  the  ordinary  English 
system  and  the  pneumatic  system. 
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CHAPTEE  XIX. 

GEBMINATION. 
STEEPING,   COUCHING,  FLOORING,   SPRINKLING,  WITHERING. 

**  The  main  object  of  maltiTig  is  tlie  produotion  of  the  peculiar  albmninoos  bodies 
"  grouped  together  under  the  tezm  diastase.  This  may  be  a  oonyenient  term;  but 
**  the  properties  of  diastase  are  not  peculiar  to  albuminous  matter  in  malt^  being 
**  found  in  other  products,  animal  and  regetable." — ^Pbof.  Grabax,  Cantor  Lec- 
tures, Joum,  Soe,  Art$^  1874. 

Steeping. — 
Four  Essential  Conditions.    Fermentation.    Ford*s  Definition  of  Germination. 
Common  Method  of  Steeping.    Temperature  of  Steep-licmor.    Experience. 
Conditions  Requisite.    Oversteeped  Barley.     Bayanan  Flan.     Prolonged 
Stewing.    Time.    Quantity  of  Water  absorbed  by  Barley.    Swell  of  Grain 
in  Steep.    Tests.    Days  of  Steeping.     Steep-liquor.    Analyses.    Salioylio 
Add.    rbeumatic  Steeping. 
Couching: — 
Undesirabili^  of  Couching.     Temperatures.     Austrian  Gold-sweat  Couch. 
Boiefits  of  Low  Heat  in  Couch.    Analysis.    (Jecmen  Warm-sweat  Couch. 
Disadvantages  of  Heat.    Pneumatic  Couching.    Felted  Malt. 
Flooring . — 
Skill   of   Maltmen  on  Floors.     Turning    in  Kiln.      Objects    of    Turning. 
Slippers.    Sweeping.    Condensation.   Length  of  Boot.   Times  for  Turning. 
Objects  of  Germination.    Friability.    Shifting  Floors.    Chemical  Changes 
produced  by  Germination.    Modification  of  Starch  and  PK>teins. 
Sprinkling: — 
ControYersy  conoeming   Benefits,  Ford,   &c.     Fraudulent  Plraotioes.    Dead 
Couch.    Time.    F.  Faulkner's  Views.     Continental  Practices.     Chodoun- 
sky's  Experiments.    Pneumatic-sprinkling.     Kiln-sprinkling. 
Withering : — 
Necessity  for  Withering  Loft.     Kiln-withering.     Length  of  Aorospire  and 
Rootlets.    Heap-withering.    Pneumatic-withering.    F^riability. 

Growth  causes  the  distinctive  difference  between  malt  an^ 
com.     Althongh    they  may    have    passed    through    all    th 
processes  needed  to  make  malt,  any  kernels  which  have  no^ 
grown  remain  as  barley,  wheat,  or  whatever  they  may  be,  and 
are  not  malt. 

Until  very  recently  it  was  almost  universally  held  by  all 
connected  with  the  industry  in  Great  Britain,  that  malt  must 
be  solely  vegetated  grain. 

The  n:ee  manufacture  of  other  materials  into  malt,  indepen- 
dently in  any  form,  of  the  process  of  growth,  has,  however, 
considerably  modified  the  opinions  of  many  upon  this  point. 
Accordingly  it  is  now  frequently  the  case  that  much  grain, 
entirely  unvegetated,  is  sold  and  used  as  malt. 
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So  long,  however,  as  malt  is  made  by  the  old  plan  of  ordinary 
growth  on  floors,  the  subject  of  germination  will  retain  its 
importance. 

The  first  essential  of  germination  is  a  supply  of  moisture  in 
adeqaate  and  right  proportions. 

The  other  requisites  are — air,  heat,  and  light. 

For  malting  purposes,  it  may  be  urged  that  light  is  not 
essential. 

Strictly  speaking,  this  is  true,  as  malting  can  be  (frequently 
is)  conducted  in  xmderground  vaults  or  other  positions  from 
which  daylight  is  permanently  excluded. 

To  make  malt  in  the  best  manner,  light  is  certainly  desirable, 
if  not  absolutely  essential. 

Air,  heat,  and  water  are  indispensable. 

A  great  deal  of  information  upon  these  points  has  already 
been  set  forth.     See  Chap.  V. 

The  meaning  of  the  term  germination  has  been  strictly 
defined  as  *'  a  rapid  phenomenon  marking  the  entire  inter- 
"  mediate  period  between  the  embryonic  life  and  the  vegetable 
"  hfe  of  the  plant."  It  is  generally  admitted  that  germmation 
terminates  when  the  embryo  has  exhausted  the  whole  of  the 
stored-up  pabulum  of  the  seed.  As  a  maltster  never  carries 
growth  to  this  limit,  it  is  needless  to  determine  the  true  line  of 
demarcation  between  the  germination  and  vegetation  of  com. 
As  the  movement  of  the  plumule  and  putting  forth  of  roots  or 
radicles  are  regarded  by  many  as  vegetative  acts,  it  is  necessary 
to  state  that  for  maltsters'  purposes  they  are  regarded  as 
essential  features  of  germination,  and  are  here  grouped 
accordingly.  In  all  cases  where  germination  has  merged  into 
vegetation,  it  will  still  be  called  by  me,  in  maltsters'  parlance, 
germination  solely. 

Heat,  air  (if  dry),  and  light  may  be  applied  to  seeds  or 
com  for  very  lengthened  periods  with  no  tendency  to  produce 
growth,  and  with  very  slight  damage  or  influence  upon  vitality. 

Water,  air,  and  light  may  also  be  applied,  but  if  the  tem- 
perature is  less  than  34°  or  exceeds  140°  Fahr.,  all  future 
germination  is  effectually  hindered,  for  the  seeds  perish. 

Water  in  right  degree  and  proportion  without  air  is  also 
incapable  of  producing  germination,  and  rapidly  kills  the  germ. 

As  the  main  charge  of  a  maltster  is  properly  to  germinate 
his  com,  it  follows  that  the  bulk  of  his  attention  must 
necessarily  be  given  to  the  right  regulation  of  the  supplies  to 
it  of  air,  heat,  Bght,  and  water. 

The  whole  art  and  mystery  of  malting  is  embraced  in  the 
comprehension  of  these  four  conditions. 

It  is  no  longer  pardonable  to  term  germination — or,  indeed, 
any  of  the  e&cts  attributed  to  it — fermentation.  The  pro- 
cesses, causes,  and  effects  are  so  entirely  distinct,  and  differ  so 
widely  from  each  other,  that  to  speak  of  germination  as 
fermentation  is  dangerous  and  erroneous.  So  far  as  existing 
knowledge  extends,  it  has  been  clearly  taught  that,  although 
the  influence  of  germination  may  resemble  m  some  cases  and 
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particulars  the  influences  attributed  to  zymotic  action,  the 
quickening  and  growth  of  any  seed-germ  is  distinctly  and 
definitely  different  from  the  reproduction  or  development  of  any 
yeast  or  ferment-cell. 

How  far  diastatic  action  may  be  attributed  to  the  zymotic 
action  that  almost  invariably  accompanies  growth  of  com,  is  a 
question  too  novel  for  an  opinion  to  be  even  suggested.  I  have 
not  yet  met  or  heard  of  anyone  who  has  considered  it,  excepting 
in  Japan.     (Prof.  Atkinson.)*    See  Sake  Brewing,  pp.  172—4. 

Steeping. 

It  is  supposed  that  the  operations  of  a  maltster  closely 
resemble  the  normal  actions  of  nature  in  growing  grain,  or, 
in  other  words,  that  all  maltsters  try  to  imitate  nature,  so  far  as 
possible,  in  every  act. 

This  supposition  is  true  only  in  a  very  modified  sense,  for  all 
men  overlook,  far  too  seriously,  the  difference  in  access  of  air 
to  grain  out  in  the  soil  or  immersed  in  the  water  of  a  steeping- 
cistem  and  buried  in  a  deep  couch,  or  thick  layer  of  grain,  on  floor,  t 

Steeping  is  commonly  performed  by  running  the  screened 
barley  into  the  cistern,  and  after  it  is  all  in,  submerging  it  with 
water. 

Industrious  individuals  expend  a  certain  amount  of  effort  in 
stirring  up  this  mixture  of  com  and  water,  and  they  remove 
the  **  floaters "  or  "  swimmers "  and  such  refuse  as  may 
happen  to  float  upon  the  surface  of  the  water. 

*  Pbof.  Atkinson,  The  Chemifitry  of  Sak6  Brewing. 

t  The  following  extract  from  the  best  work  on  Malting  known  until  very  recently, 
has  considerable  interest.  It  is  taken  from  Mr.  Ford*8  Treatiae  on  Malting  and 
Brewing  (London,  1862),  pp.  72—74. 

<*  The  aeedfl  of  plants,  when  placed  under  certain  dronmstanoea.  undergo  a 
"  change  called  termination.  The  result  of  this  change  is,  that  the  starch,  or 
<  *  fecula,  contained  by  most  seeds,  receives  new  qualities  ;  the  most  predominant  of 
"  which  are  an  increased  degree  of  sweetness,  and  a  more  complete  and  ready  solu- 
**  bility  in  water  of  a  given  temperature.  The  business  of  the  maltster  is  to 
**  arrange  and  govern  the  circumstances  necessary  to  germination;  also  to  obtain 
*'  these  qualities  in  the  highest  possible  degree.  The  chief  circumstances  to  be 
**  attended  to,  in  order'' to  produce  the  healthy  geimination  of  seeds,  are : — 

*'  First. — ^The  adjustment  of  the  temperature,  which  should  always  be  above  the 
**  freezing  point,  and  below  a  mean  of  60°  Fahr. 

**  Second. — The  regulation  of  a  supply  of  moisture  to  the  seed. 

**  Third. — The  regulation  of  the  access  of  air  to  the  seed. 

**  The  eotyoified  operation  of  these  three  agents— atmospheric  air,  heat,  and 
*'  moisture — in  nven  decrees,  is  requisite  to  gfermination,  for  seed  will  not 
"  germinate  without  air,  thou^n  moisture  be  present ;  nor  without  moisture,  though 
**  air ;  nor  without  the  requisite  degree  of  heat,  though  both  air  and  moisture  he 
' '  present.  Seeds  never  vegetate  when  exposed  to  a  temperature  below  the  freezing 
'*  point ;  nor  when  buried  too  deep  in  tne  soil  to  admit  the  action  of  the  atmo- 
"  spheric  air  upon  them. 

*'  When  seed  is  placed  under  a  favourable  arrangement  of  these  circumstances, 
**  the  growth  proc^^ds ;  and  the  following  leading  phenomena  are  observed.  First, 
"  the  husk  or  membrane  which  envelopes  the  component  parts  of  the  seed  is  swoUen 
"  and  bursts ;  the  plumnla,  called  by  maltsters  the  aorospire,  the  part  that  produces 
"  the  stem  and  the  leaves,  gradually  expands,  and  when  buried  rises  to  the  surface 
* '  of  the  soil ;  the  radicle  puts  forth  ramifications,  and  becomes  a  root.  These 
*<  changes  constitute  what  is  understood  by  gennination  in  the  extended  signifi* 
**  cation  of  the  term.  The  cotyledon  (or  tiie  part  of  the  seed  which  contains  the 
*<  matter  for  the  early  nutrition  of  the  yonn^  plant),  which  is  originally  insimd 
**  and  farinaceous,  becomes  sweet  and  mucilaginous,  uid  fnznishes  materials  for  the 
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Unless  very  urgent  reasons  for  this  practice  exist,  it  should 
not  be  followed,  for  in  every  case  it  is  preferable  to  fill  the 
cistern  with  water  prior  to  running  in  the  grain;  then  the 
com  should  be  slowly  discharged  into  the  cistern  and  kept 
stirred  during  the  whole  time  of  its  descent,  unless  it  is  passed 
through  a  washing  machine* 

By  this  method  a  great  deal  of  dust  and  refuse  of  many 
kinds  is  at  once  removed,  and  its  power  to  produce  further 
evil  prevented. 

I  have  not  yet  encountered  three  maltsters  in  Britain  who 
take  the  trouble  to  ascertain  the  true  temperature  of  the  steep- 
liquor  at  any  part  of  the  process.  Yet  this  is  an  important 
point.  Many  experiments  have  been  made  to  determine  the 
mfluence  of  heat  in  cisterns  upon  com,  and  it  has  often  been 
proved  that  many  samples  of  barley  grow  very  differently  if 
steeped  at  temperatures  differing  from  each  other  by  only  a 
few  degrees. 

Thus,  a  sample  of  com,  every  kernel  of  which  is  capable  of 
growing  if  steeped  at  53°,  entirely  refuses  to  grow  at  34°,  and 
IS  killed  at  140°  or  less.  These  temperatures  are  rarely  foxmd 
in  a  malt-house,  but  the  variations  of  heat  that  are  encoun- 
tered are  quite  sufficient  seriously  to  imperil  the  vitality  of 
much  com  that  is  steeped.  Many  malt-houses  are  fed  directly 
from  small  land-springs,  or  brooks  that  run  past  them.  In 
cold  weather  this  water  is  frequently  below  40°.  Barley 
steeped  at  such  a  heat  has  its  growth  retarded,  and  if  very 
weakly,  it  dies.  Under  no  circumstances  should  the  contents 
of  a  steeping-cistem  ever  fall  below  50°,  or  exceed  55°. 

Apart  from  the  direct  influence  heat  exerts  upon  the  vitality 
of  the  grain,  it  has  been  frequently  found  that  a  temperature 
exceeding  56°  favours  the  production  of  lactic  and  other  acids 
in  the  steep. 

"  early  nutriment  of  the  plant  before  its  roots  and  leaves  are  adequate  to  their  full 
"  functions. 

'*  When  the  root  and  stem  have  acquired  a  certain  degree  of  Tigour,  the  ooty- 
"  ledons  either  rot  away  or  become  leayee,  and  the  plant  derives  its  nourishment 
**  from  the  absorbing  power  of  the  root  and  leaves. 

**  Now,  in  nudting,  the  process  of  termination  is  allowed  to  go  on  to  the  extent 
*'  at  which  the  cotyledon,  or  insipid  farinaceous  matter,  becomes  to  the  utmost 
*  *  attainable  degree  sweet  and  mucihiginous.  The  seed  is  then  subjected  to  a  degree 
"  of  heat  whic^  drives  off  the  moisture,  and  stops  the  process  of  germination. 

**  The  germination  of  barley,  to  make  malt,  is  carried  usually  to  the  extent  when 
"  the  plumnla  or  aorospire  has  elongated,  and  has  nearly  reached  the  opposite 
**  extremity  of  the  seed;  it  is  then  stopped  by^  heat;  the  kernel,  or  farinaceous 
**  matter  in  the  grain  has,  now  that  it  is  dried,  become  loose  and  mealy.  It  is 
*'  soluble  in  water  heated  to  a  certain  deg^ree,  and  this  solubility  is  the  next 
'*  valuable  quality  communicated;  as  that  malt  is  the  beet  which  yields  the  gpreatest 
"  quantity  of  soluble  matter  to  heated  water." 

*  FoED,  Malting  and  Brewing,  p.  91,  says:  <* First  of  the  steep  or  cistern,  a 
''  square  or  oblong  chamber  lined  with  lead  or  cement.  It  is  usually  sunk  about  one 
*'  foot  below  the  level  of  the  floor,  but  some  are  elevated  three,  four,  and  six  feet 
«  above  it.  It  is  filled  with  water  to  the  proper  height.  At  the  bottom  of  the 
''  cistern  I  recommend  a  false  bottom  of  cast-iron ;  it  suffers  the  liquor  to  drain  off 
"  more  rapidly,  and  in  the  event  of  the  com  being  dusty  or  stale,  it  cleanses  much 
''better.  The  drain-cock  is  outside,  situated  where  most  convenient.  The  dry 
"  grain  is  let  into  the  cistern,  previously  filled  with  water  (the  thin  com  floats, 
"  which  I  skim  off),  that  it  may  be  saturated  with  the  water  necessary  to  commence 
"  and  cairy  on  germination." 
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In  ascertaining  the  temperature  of  the  water,  it  is  desirable 
to  take  it  every  six  or  twelve  hours,  for  heat  is  generated  in 
cisterns.  This  is  accounted  for  by  Wiesner  by  heat  being  set 
free  by  grain  directly  it  absorbs  water,  and  Sachs  asserts  that 
a  rise  of  temperature  of  4^  or  5^  takes  place  when  dry  starch  is 
wetted  with  water  at  5(f  to  60^.  It  is  frequently  the  case  that 
barley  at  50^  steeped  in  water  at  49^  will  in  a  few  hours  rise 
to  53°. 

Should  the  temperature  of  the  liquor  be  high,  it  necessitates 
more  frequent  renewal  and  consequent  removal  of  larger 
quantities  of  the  extrsictive  matter  of  the  com,  for  esich  given 
volume  of  warm  water  extracts  more  from  the  grain  than  an 
equal  volume  at  a  lower  temperature,  and  its  frequent  removal 
farther  augments  the  harm  done. 

It  is  almost  always  preferable  to  remove  steep-liquor  when  it 
becomes  only  slightly  putrescent.  Both  soft  and  warm  waters 
naturally  allow  the  colouring  and  other  matters  from  the  husk, 
and  a  small  percentage  of  the  soluble  matters  formed  during 
the  Bteeping.process  in  the  grain,  to  become  offensive  more 
readily  and  rapidly  than  hard  or  saline  water.  In  such  cases  it 
is  desirable  to  remove  the  first  steep-liquor  within  the  first 
tide.* 

In  many  cases  this  action  is  preferable  if  the  renewal  is 
effected  by  running  under  the  bottom  and  overflowing,  as  a 
greater  amount  of  impurity  can  by  this  plan  be  removed  than 
if  the  layer  of  com  is  made  into  a  filter-bed. 

Very  few  liquors  are  of  a  character  to  allow  of  constant  inlet 
and  overflow  of  steep ;  accordingly,  it  must  be  tried  with 
caution, t  and  the  question  should  never  be  determined  by  mere 
empirical  rules  or  "practical  experience." 

Experience  is  a  very  useful  staff,  but  a  most  pernicious 
crutcn;  the  veriest  idiotcy  is  daily  performed  under  its  pro- 
tection, and  no  fetish  in  Central  Africa  has  firmer  devotees. 
Malting  is  an  industry  which  has  escaped  the  iron  fetters  of 
the  law,  and  it  is  in  the  throes  of  delivery  from  the  adamantine 
bonds  of  custom  plus  experience.  Many  men  cannot  be  made 
to  see  or  believe  that  reliance  on  mere  experience  is  most 
pernicious. 

To  those  men  who  can  believe  that  all  natural  laws  are  open 
to  discovery  by  patient  students,  I  wish  to  write  ;  and  I 
cannot  refrain  from  expressing  the  regret  that  my  own 
knowledge  is  but  the  veriest  tag  in  the  outer  fringe  of  the 
great  garment  of  truth  that  our  happier  descendants  will 
inherit. 

Experience  is  almost  the  sole  guide  to  maltsters  in  Britain 
as  to  the  right  and  proper  periods  for  renewal  of  steep-liquor. 

The  true  factors  to  be  considered  are : 

*  The  tide  in  malting  eqnalB  twelre  hours. 

t  Steel  adviMS  thii  practioe  in  summer  time»  Msigrning  as  a  reason  the  neeessity 
in  stec^ping  to  keep  down  temperature.  He  also  advisee  lengthened  and  thorou^ 
steeping.— Steel,  Jukes,  Selection  of  the  Prindpal  Points  of  malting  and  Brewing, 
and  Stnotures  Thereon,  for  the  Use  of  Brewery  Froprietors.  (OUttgow^  1878),  pp.  8, 9. 
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I. — ^The  character  and  heat  of  the  water  used. 
II. — ^The  barley  steeped-^-as  to  its  age,  condition,  and 

general  nature. 
III. — The  weather  or  season. 

With  so  many  varying  factors,  it  is  obviously  difficult  to 
formulate  any  rule  that  is  capable  of  universal  application. 

The  colour  of  the  liquor  is  one  of  the  accepted  criteria  as  to 
desirability  of  changing  steep-liquor.  This,  naturally,  is  ruled 
by  the  character  and  heat  of  the  water  and  of  the  corn.  The 
most  deleterious  influences  are  probably  zvmotic.  The  pro- 
gress of  development  of  the  putrefactive  ferment  is  roughly 
capable  of  admeasurement  by  testing  the  quantity  of  lactic  and 
other  acids  produced  or  present  in  the  water. 

In  many  cases  it  is  desirable  to  change  the  liquor  when 
litmus  paper  is  turned  red  by  immersion  m  the  cistern.    The 

Srecise  tinge  it  is  desirable  to  avoid  is,  unfortunately,  depen- 
ent  upon  the  circumstances  or  factors  indicated.* 

Thausingt  advises,  "  in  the  cold  season  to  renew  the  water 
"  twice  the  first  day,  once  a  day  for  each  succeeding  day,  and 
"  twice  on  the  last  day."  In  Bavaria  almost  all  barley  is 
steieped  at  least  three  days,  and  freq^uently  more,  for  the  steep- 
ing is  considered  inadequate  if  it  is  not  continued  sufficiently 
long  to  render  the  grain  quite  soft. 

Very  protracted  steeping  effectually  kills  a  considerable  per- 
centage of  weakly  kernels  m  almost  every  sample  of  com,  and 
for  this  reason,  if  for  no  other,  is  to  be  deprecated.  As  it, 
however,  invariably  means  a  large  loss  of  extractive  matter 
and  a  considerable  addition  to  the  baneful  effects  of  putre- 
&ction  in  all  its  forms,  it  is  obviously  wiser  to  err  on  the  side 
of  undue  steeping,  due  regard,  of  course,  being  paid  to  the  right 
encouragement  of  vigorous  early  radicles. 

The  evils  engendered  by  oversteeping  are  irremediable,  but 
the  defect  of  insufficient  water  is  readily  compensated  by 
sprinkling  upon  floors. 

On  the  other  hand,  practice  seems  to  show  that  insufficiency 
of  steering  is  not  fiilly  compensated  by  sprinkling  on  floors. 
Ford  J  IS  of  opinion  that  this  is  harmful,  and  says :  "  If  barley 
"  be  insufficiently  steeped,  the  injury  cannot  in  every  case  be 
"  corrected  by  sprinkling,  because  no  water  applied  on  the 
"  floor,  particularly  before  the  root  is  formed,  can  be  equally 
"absorbed;  some  of  the  com  gets  too  much,  others  not 
"  enough ;  hence  an  irregular  vegetation." 

This  question  is  more  fully  dealt  with  under  Sprinkling. 

When  grain  is  oversteeped,  it  is  necessary,  in  tne  first  place, 
to  try  to  bring  it  in  as  dry  a  condition  as  possible  to  the  floor. 
This  is  accomplished  by  allowing  the  grain,  when  finally 
drained  off,  to  remain  longer  than  usual  in  the  cisterns,  pro- 
vided they  have  well-drained  conical  bottoms. 

*  FoBD  8aT8  (op,  cit,,  p.  100) :  <*I  am  folly  oonyinoed  of  the  great  benefit  reeolting 
**  from  the  change  of  water ;  it  dears  and  pimfies  the  com  at  all  seasons,  partioiilarly 
<«  in  mild  weather,  or  when  the  com  is  s&le." 

t  Preparation  of  Malt,  &o.,  Amerioan  edition,  p.  278.  }  Op.  ciL  p.  104. 
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Then  care  must  be  taken  that  the  ^ain  on  the  floor  loses  as 
much  water  as  possible  by  evaporation.  This  is  best  accom- 
plished by  spreading  it  out  very  thinly,  whereby  a  greater 
proportion  of  barley-grains  is  exposed  to  the  direct  influence 
of  the  air  on  the  growing-floor  than  if  piled  in  heaps,  and  the 
evaporation  is  likely  to  be  more  rapid.  The  ventilation  of  the 
floor  also  influences  the  treatment  of  over-steeped  barley.  If 
the  ventilation  is  bad,  and  damp  air  is  not  replaced  by  dry  air, 
in  a  short  time  the  air  in  the  floor  will  be  saturated  with 
moisture.  Instead  of  promoting  evaporation  from  the  barley, 
it  will  have  an  opposite  effect,  and  should  the  temperature  of  the 
floors  be  less  than  that  of  the  atmosphere,  the  excess  of 
moisture  in  the  air  will  condense  upon  the  floors.  The  treat- 
ment of  the  couches  must  also  differ  from  that  of  a  normal 
steep.  The  turning  must  be  effected  more  vigorously,  so 
that  the  water  draining  downward  is  brought  into  constant 
contact  with  the  air,  which,  if  kept  dry,  carries  it  off  rapidly. 
As  long  as  the  couch  remains  green,  it  must  be  turned  more 
often  than  usual.  Evaporation  will  thus  be  greatly  promoted, 
and  decrease  in  temperature  inevitably  follows,  so  that  germi- 
nation will  be  prevented  from  making  too  rapid  progress.  The 
later  treatment  of  such  barley  must  be  governed  by  its  nature, 
and  probably  it  is  never  advisable  to  carry  it  on  in  a  warm 
sweat,  as  thereby  too  much  loss  occurs. 

In  Bohemia  a  practice  is  adopted  (which  is  approved  by 
Dr.  Graham  *)  of  steeping  for  twenty  to  twenty-four  hours  in 
a  cistern,  and  then  couching  at  a  depth  of  about  ten  to  twelve 
inches.  The  com  remains  in  this  couch  for  another  twenty- 
four  hours,  when  it  is  returned  to  the  steeping-cistem  and  is 
again  submerged.  Should  the  after-steep  be  a  protracted  one, 
care  is  usually  taken  to  change  the  second  steep-liquor  fre- 
quently, but  very  generally  it  lasts  only  for  about  eight  to  ten 
hours,  and  the  liquor  is  changed  twice,  or  is  kept  constantly 
running. 

Some  Continental  maltsters  have  adopted  the  practice  of 
subjecting  the  com  to  a  constant  shower  of  fine  water-spray. 
The  plan  has  been  found  practicable,  and  theoretically  it  has 
much  to  commend  it.  The  com  can  absorb  as  much  moisture 
as  the  germ  requires,  at  little  loss  of  extractive  and  soluble 
matters,  and  the  grain  is  subject  to  the  beneficial  contact  of  air 
throughout  the  whole  period  of  saturation. 

The  practical  disadvantages  of  this  method  are  the  greater 
length  of  time  required  and  the  wide  fluctuations  of  tempera- 
ture induced  by  the  differences  of  saturative  capacity  of  the  air. 

These  differences,  both  of  time  and  degree,  do  not  exceed 
those  that  are  still  found  in  different  pa^s  of  Britain  at  this 
moment,  for  in  Scotland  it  is  not  unusual  to  meet  maltsters 
who  give  112  to  120  hours  in  steep,  and  who  use  liquor  at  a 
temperature  slightly  over  the  freezing  point.  I  have  even  met 
maltsters  in  the  south  and  west  of  England  who  gave  this  year 
(1885)  ninety  hours  in  steep  to  thin  Smjrma  barley. 

*  Cantor  Lectures,  Joum,  Soe,  Arts,  1874. 
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Ford  says*  that  dry,  kindly  barley  increases  most.  To  make 
msJt  most  prodiLctive  to  brewers  he  gives  kindly  barley  sixty- 
five  to  seventy-two  hours  in  cistern ;  hard,  steely,  unkindly, 
fifty-five  hours  or  more,  and  sprinkles.  He  adds  that  new 
barley  requires  a  longer  steep  than  old ;  thin  or  light  barley  the 
shortest  tune.    In  tio  case  would  he  give  less  than  fifty  hours. 

The  quantities  of  water  absorbed  during  steeping  vary 
according  to — 

I. — The  quality  and  nature  of  the  barley.     (Age  and  soil 

are  large  factors.) 
n. — The  temperature  and  character  of  the  water. 
III. — ^Duration  of  steep. 

Thomsont  states  that  ''the  quantity  of  moisture  imbibed 
"  by  the  barley  varies  according  to  the  goodness  of  the  barley, 
"  and  the  length  of  time  it  is  allowed  to  remain  in  the  steep.  But 
"  the  general  average  may  be  stated  at  0'47 ;  or  100  lbs.  of  barley, 
"  steeped  the  usual  time,  weigh  147  lbs.,  newly  taken  out  of  the 
**  steep  and  dried." 

"  Dried,''  I  assume,  means  simply  that  the  moisture  was 
removed  from  the  surface  or  skins  of  the  corn.  How  perfectly 
this  was  done  is  not  stated. 

The  assumed  swell  of  grain  in  steep  during  the  later  years 
of  the  collection  of  the  Malt  Tax  was  18*5  per  cent.,  i.e.,  100 
bushels  of  barley  measured  prior  to  steeping  would  give  118^ 
bushels  after  a  normal  steep  of  45  to  50  hours. 

Fordt  gives : 

Percent. 

The  rise  or  swell  upon  com  steeped  40  hours        ...     16 
,,  ,,  ,,  52     ,,  ...     18'5 

72     .,  ...     21-5 


>i  i>  II  •  *•     II 


He  also  says  :  **  The  longer  com  is  kept  in  steep,  the  greater 
the  swell  by  absorption,  consequently  the  higher  the  charge, 
and  the  greater  the  quantity  steeped  ;  or,  rather,  the  greater  the 
depth  of  the  com,  tne  less  the  charge  is  in  proportion." 

Fortunately  we  need  not  be  influenced  now  by  considering 
how  to  avoid  any  payment  of  duty,  in  arranging  either  the  time 
of  steep  or  its  influence  upon  the  swell  of  grain.  This  is  now 
simply  a  matter  of  curiosity. 

Thausing§  states:  ''That  100  parts  by  weight  of   barley, 

♦  Op.  eit.  p.  102. 

t  T.  Thoxbon,  Brewing  and  Distillation  (Edinburgh,  1859),  p.  18. 

X  FoBO  says,  op.  eit,  p.  103  : — "  If  gauge  of  com  in  oiBtdm  exceeds  couch  it  is 
**  caused  by  rise  of  temperatuie  of  water  caused  by  negligence  in  not  properly 
**  supplying  with  cold  water.  To  keep  com  in  steep  too  long  is  injurious,  as  it 
"  prevents  germination  at  tho  proper  time,  thereby  exhausting  a  portion  of  the 
*'  yegetatiye  power.  Dr.  Ure  is  of  opinion,  if  orersteeped,  it  causes  an  abstraction 
"  of  saccharine  matter  by  the  water.  And  if  a  barley-corn,  when  strongly  pressed 
**  between  the  fingers  and  thumb,  continues  entire  in  its  husk,  it  is  not  siimciently 
''  steeped.  If  barley  be  insufficiently  steeped,  the  injury  cannot,  in  every  case,  lie 
**  corrected  l^  sprinkling,  because  no  water  applied  on  the  floors,  pa^cularly 
**  before  the  root  is  formed,  can  be  equally  absorbed;  some  of  the  com  gets  too 
"  much,  others  not  enough,  hence  an  izregpuar  vegetation." 

§  Thaubxno,  op,  cit,  p.  357. 
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''  which  contains  12  per  cent,  of  moisture,  gives  on  an  average 
"  150-155  parts  by  weight  of  steeped  barley." 

The  true  quantity  of  moisture  required  to  fully  steep  all 
grain  varies  so  materially  that  it  is  not  possible  to  give  any 
rule  concerning  it. 

I  have  tried  to  ascertain,  by  a  series  of  careful  experiments, 
the  absorption  of  water  by  weight,  but  no  practical  benefit  or 
definite  result  has  yet  been  attained.  I  believe,  however,  that 
this  is  the  right  basis  to  work  upon,  for  a  given  quantity  of  the 
dry  substance  of  barley  should  absorb  a  certain  quantity  of 
moisture  to  attain  certain  results.  Prolonged  and  varied  ex- 
periments alone  will  prove  if  any  law  exists  regulating  the  most 
effectual  germination  of  com  by  constantly  having  any  certain 
ratio  of  water  to  dry  grain.* 

Germination  will  begin  in  grain  which  has  20  per  cent,  by 
weight  of  water  added  to  it. 

Thirty  per  cent,  is  sufficient  to  carry  some  barleys  through 
the  whole  of  the  stages  of  growth  practised  in  some  malt- 
houses.  Other  barleys,  however,  require  40  or  even  50  per  cent. 
Consequently  it  is  more  than  possible  that  no  hard  and  fast 
rule  capable  of  ready  and  invariable  adjustment  vrill  be  for- 
mulated for  many  years. 

Formerly  most  houses  steeped  only  every  four  days  or 
three  times  a  fortnight.     By  adopting  my  system  of  drying  to 

*  Some  experiments  of  Herm  Behzend  and  StiiToke,  oommimicated  from  the 
Agricultural  Academy,  Hohenheim,  and  published  in  the  Wbehetuehri/t  fur 
£ierbrauereif  Deo.,  1884,  are  worthy  of  careful  consideration. 

Three  samples  of  barley  were  employed,  the  first  Saxon  Baal,  the  second 
Bohemian,  and  the  third  Hungarian.  Of  each  22  lbs.  were  steeped  in  2|  galls, 
of  water,  in  a  conical  yesseL  After  fourteen  hours*  steep  the  first  water  was  run 
off  and  measured,  the  deficiency  in  the  tin  measure  i"«^i'^ting  the  amount  of 
water  absorbed  by,  and  adhering  superficially  to,  the  grain  in  uie  cistern.  Ten 
litres  of  fresh  water  were  then  added  to  the  grain,  and  at  the  eniration  of 
twenty-four  hours  were  run  off  and  measured.  A  third  supply  was  added  in  like 
manner,  after  twenty-four  hours'  further  steeping.  ,  The  grain  in  the  cistern  was 
then  sufficiently  steeled.  The  weight  of  the  ffrain  in  an  air-dried  and  a  dried 
state,  and  the  quantities  of  water  taken  up,  are  shown  in  Table  I. 

Table  I. 


Saal 
Baxtey. 

Barley. 

Honnxian 
Bailey. 

1,000  corns,  dried,  weight            

1,000     „     air-dried  „              

22  lbs.  took  up  water : — 

1.  After  fourteen  hours'  steeping,  including 

water  adhering  to  surface  of  corns 

2.  After  twenty -four  hours'  further  steeping 

3.  After  further  twenty -four  hours'  steeping 

Oraint. 
61908 
731-19 

Pints. 
4-93 
1-76 
M6 

OiminB. 
561-63 
652*96 

Pints. 
510 
1-77 
116 

GraJxis. 
614-98 
609-22 

4-90 
203 
1-36 

Total    . . 

7-84 

8-03 

8-29 

The  total  water  absorbed  increased  with  the  decrease  In  weight  of  substance. 
The  steep-water  eyaporated  at  230''  to  239""  Fahr.,  gaye  a  reidduum  which  waa 
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old  houses,  it  became  desirable  to  wet  every  other  day.  This 
of  course  limited  the  time  of  steep  to,  at  most,  47  hours.  As  a 
consequence,  the  differences  in  absorption  of  moisture  by 
various  kinds  of  barley  had  to  be  made  up  on  the  growing-floor, 
and  in  nearly  every  case,  no  matter  where  the  com  grew, 
sprinkling  became  a  necessity. 

The  old  test  of  sufficient  steeping,  by  squeezing  a  kernel 
between  the  thumb  and  finger  to  see  if  the  skin  freely 
disengages  itself,  is  thus  rendered  obsolete  by  the  practice  of 
wetting  every  other  day  in  the  same  cistern. 

In  new  houses,  however,  more  than  one  cistern  is  fixed,  and 
consequently  any  desired  duration  of  steep  may  be  attained, 
but  it  IS  wise  ever  to  bear  in  mind  that  too  lengtnened  steeping 
is  positively  harmful. 

Old  cisterns  will  generally  divide  into  two  easily. 

Big  barleys  require  longer  time  in  steep  than  small  kernels : 
Bough,  coarse,  harsh  com  longer  than  thin-skinned  tender 
barley :  Barleys  grown  in  high  latitudes,  or  upon  great  sJti- 
tudes,  much  longer  than  barleys  of  the  temperate  zone  or 
grown  in  plains. 

Old  barley  must  always  be  steeped  longer  than  new. 

New  barley  germinates  more  quickly  than  old,  and  gives 
double  the  increase.  It  is,  however,  unequal  in  germination 
if  used  before  sweat  in  mow,  or  sweating  on  kiln.  Bere  or  bi^g 
requires  less  time  than  barley.  Barley  grown  on  heavy,  stiff 
soil  needs  more  soaking  than  light-land  barleys. 

The  fundamental  object  of  steeping  is  to  impart  to  the  com 
about  to  be  malted  a  sufficiency  of  moisture  to  ensure  perfect 
and  regular  germination. 

weighed,  heated  to  redness,  and  again  weired.  The  proportions  of  organic  and 
inorganic  matter  were  thns  determined.  The  direct  resnits,  both  in  organic  and 
inorffunio  dry  substance,  had  to  be  corrected  by  the  amounts  originally  contained 
in  the  steep- water  (4*1  ^.  of  organic  and  26  grs.  of  inorganic  substance 
per  gallon).  The  quantities  in  grains  of  dry  substance  extracted  per  gpnllon  of 
steep- water  are  shown  in  Table  II.  (see  p.  182). 


Tabus  IT. 

BaalBarlef. 

Bohemian  Barley. 

Hnngaiian  Barley. 

Dry 

Sub- 
stauoe. 

Or- 
ganic. 

Inor- 
ganic. 

Dry 
Sub- 
stance. 

Or- 
ganic. 

Inor- 
ganic. 

Dry 

Bub- 

stance. 

Or- 
ganic. 

Inor- 
ganic. 

By  1st  steep- water 
„  2nd    „        „ 
If  3rd     ,,        ,, 

3-825 
1-290 
0-710 

1-8U 
0-486 
0-611 

2-011 
0  705 
0-199 

4-340 
1-676 
0-767 

2-066 
0-634 
0-488 

2-284 
0-942 
0-279 

6-930 
1-908 
0  816 

2-829 
1-038 
0-641 

3-101 
0-870 
0-27 

These  results  show  that  the  extractive  capacity  of  the  first  steejp- water  Ib  much 
greater  than  ihat  of  the  rest.  In  the  first  fourteen  hours'  steepmg,  three  times 
as  much  dry  substance  was  extracted  from  the  grain  as  in  the  succeeding  twenty- 
four  hours,  and  five  to  seren  times  as  much  as  in  the  third  and  last  twenty- four 
hours.  From  these  data  the  injurious  effects  of  over-prolonged  steeping,  already 
recognised  on  other  grounds,  may  readily  be  deduced.** 

T 
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Muspratt*  says  : — **  The  object  of  steeping  is  to  expand  the 
"  farina  of  the  barley  with  humidity,  and  thus  make  the  seed 
fit    for   germination,  when    subsequently    exposed  to  the 


"  air." 


Fault  gives  as  an  object  in  steeping : — '*  To  remove  from  the 
*'  husks  extractive  substances  which  would  spoil  the  taste  of 
*•  the  beer." 

There  are  several  signs  by  means  of  which  it  can  be  deter- 
mined if  the  steeping  of  any  particular  description  of  barley  be 
completed. 

I. — If  a  kernel  is  taken  and  the  two  ends  are  squeezed 
together  between  the  thumb  and  finger  with  com* 
parative  ease,  enough  water  has  been  absorbed.  If  it 
squeezes  too  easily,  it  is  oversteeped.  If  it  is  stiff  and 
harsh,  it  is  not  steeped  enough. 

II. — ^If  in  squeezing  as  above,  the  skin  leaves  the  body  of 
the  gr^n,  it  is  sufficiently  steeped. 

m. — If  a  common  needle  can  be  readily  and  easily  passed 
through  a  grain,  it  is  sufficiently  steeped.  If  the  grain 
is  very  soft;  or  milky,  it  is  oversteeped. 

IV. — ^When  cut  with  a  sharp  knife,  the  whole  interior  of 
a  kernel  should  appear  equally  wetted. 

In  examining  barley  in  steep,  it  is  necessary  to  take  a 
number  of  kernels,  and  care  should  be  taken  to  select  the 
smaller  and  weaklier  corns,  as  well  as  the  big  and  vigorous 
kernels.  Injured  or  broken  grains  absorb  water  more  rapidly 
than  whole  kernels,  and  thin-skinned  corn  is  also  more  qmckly 
steeped  than  that  possessing  thick,  harsh  skins. 

Wheat  and  rye  need  less  time  in  cistern  than  barley.  In 
many  cases  only  half  the  length  of  time  is  required,  as  most 
wheat  will  become  sufficiently  steeped  in  twenty-four  hours. 
Both  wheat  and  r^e  need  less  time  altogether  for  germinating, 
so  that  they  reqmre  relatively  less  moisture,  apart  from  their 
ability  to  absorb  with  greater  facility. 

Oats,  also,  cannot  remain  in  cistern  so  long  as  barley  with- 
out injury.  Good  heavy  oats  can  generally  absorb  sufficient 
water  m  forty  hours,  and,  in  many  cases,  in  even  less  time. 

The  days  for  steeping,  in  an  ordinary  English  malt-house,  are 
influenced  by  a  variety  of  considerations.  It  is  often  wished 
to  avoid  Sunday-work  as  much  as  possible.  In  this  case 
steeping  occurs  three  times  in  fourteen  days,  generally  on 
Monday,  Saturday,  and  Wednesday.  By  this  plan,  filling  and 
emptjring  cisterns  on  Sunday  is  avoided,  and  m  a  house  that 
enables  the  loading  of  kiln  to  be  omitted  on  the  eleventh  day, 
very  little  kiln-work,  also,  would  require  to  be  done  on  the 
Sabbath. 

By  wetting  every  two  or  four  days  regularly,  it  is  impossible 
to  dispense  with  Sunday  labour. 

Steeping  every  Tuesday  morning  or  Friday  night,  or  every 

*  J.  S.  MUSPBATT. 

t  B.  H.  Paul,  Industrial  Chemistry  (London,  1878),  p.  941. 
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Tuesday,  Thursday,  and  Saturday,  gives  the  minimum  of 
inconvenience,  so  mr  as  I  have  yet  discovered. 

Commonly  the  dajrs  of  steeping  are  ruled  by  the  power  of 
the  kiln.  Should  this  be  smaller  than  the  rest  of  the  house, 
and  the  drying  be  accomplished  in  twice  loading,  then  five,  six, 
or  even  seven  days'  intervals  of  steeping  occur. 

Some  very  badly  constructed  houses  load  the  kiln  three  times 
with  the  green  malt  of  one  steeping.  Generally  the  wisest 
thing  to  do  with  such  kilns  is  to  pull  them  down,  or  practically 
reconstruct  them.  It  is  out  of  the  question  wishing  to  make 
them  economise  labour,  or  malt  properly. 

The  qualities  of  water  for  steeping,  and  of  steep-liquor,  have 
been  already  discussed  at  length  in  Chap.  Y.,  pp.  48,  49,  and 
Chap.  Xn.,  pp.  177 — 182.  I  shall  therefore  give,  in  further 
elucidation  of  the  subject,  only  the  experiments  made  at  the 
Brewery  School,  Munich,  by  Michel  and  Jackel-Handwerck.* 

*  A  ^ood  sample  of  Auvergne  barley  was  diyided  into  three  equal  parts,  and 
steeped  in  the  same  well-water  at  equal  temperatures ;  but  the  period  during  which 
the  steeping  lasted  differed.  The  toree  samples  were  malted  and  kiln-dried  with 
great  care,  and  the  screened  malts  were  analysed  within  a  short  time.  The  following 
are  the  results : — 


Period  of  steeping  (hours) 
MaTJmuTn  temperature  of  the  couch 

(Fahr.}  

Period  oz  germination  (days)  • . 

Dry  malt  yielded  extract  Qper  cent.)  . . 

„  ,,     maltose       ,, 

Batlo  of  maltose  to  non-maltose  in 

extract  . .         •  •         . .         •  • 


82 

7 
78-77 
64-63 


0-44 


B. 


96 

61® 
7 
81*30 
49-35 

1 
0-64 


C. 


120 

63° 
6 
78-79 
51-84 


0-62 


A  Bohemian  barley,  specific  gravity  of  1-1994,  and  containing  15*01  per  cent,  of 
water,  2-55  ash,  and  63*75  extract,  was  steeped.  In  Experiment  I.,  50  grains  of 
barley  were  steeped  in  60  cc.  distilled  water;  in  Experiment  II.,  60  o.c.  water 
containing  1  per  cent,  common  salt  were  used ;  and  in  llxperiment  III.,  60  cc.  well- 
water  (haying  30  grains  per  gi^on  of  residue  on  eyaporation,  of  whidti  8-4  grains 
were  organic  matter)  were  taJcen.  After  twenty-fiye  nours,  the  first  steeping- water 
was  replaoed  in  all  three  experiments  by  60  cc  of  the  original  water  used,  and  this 
operation  repeated  after  twenty,  and  again  after  twenty-nine,  hours*  steeping. 
Tne  following  tables  illustrate  the  results  obtained,  calculated  on  100  grains 
barley :— 


First  Steeping.    Time :  25  honn. 

Second  Steeping.    Time :  80  honra 

Experiment. 

Water 
abeorbecL 

Extracted  matter. 
Mineral.          Organic. 

Water 
absorbed. 

Extracted  matter. 

I. 
11. 

m. 

CO. 

42 
38 
42 

Oraina. 
0129 
0087 
0131 

Graina. 
0109 
0130 
0*121 

CO. 

13-6 

12-8 

8-0 

Grains. 
0070 
0-650 
0067 

Grains. 
0-064 
0*109 
0077 

T  2 
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Thus  Lintner  says,*  "The  growth  of  radicles  is  impeded 
by  the  presence  of  chloride  of  sodium  (common  salt),  and  the 
elimination  of  albmninous  matter  rednced. 


steeped  in  oidinArj  water    . . 
Do.     in  water,  with  addi- 
tion of  0-037o  salt 
Do.     do.      005%  „ 


Honn  in 
Steep. 

DaTBon 
Floor. 

97 

6 

125 
132 

7 
9 

Mawhing 
BztcAot. 


69-97e 

66-3 
63-5 


AlbominoidB 
in  Halt. 


8-85% 

11-91 
12-66 


The  excessive  time  of  steep  is  noticeable. 

The  question  of  mould  m  steep  is  generally  disregarded  by 
maltsters,  as  it  commonly  escapes  detection.  Much  mischief 
is  very  frequently  accomplished  by  the  dissemination  of  mould- 
spores  in  cistern,  and  also  by  negligent  indifference  to 
putridity  of  steep-liquor,  and  its  consequent  acidity. 

To  prevent  such  mischief,  Jericka  advises  a  small  quantity 
of  bisulphite  of  lime  (see  p.  48)  to  be  added  to  all  steep-liquor 
in  hot  weather  and  tq  the  first  only,  in  cold. 

On  the  Continent,  and  to  some  extent  in  America,  the  use 
of  salicylic  acid  in  cistern  is  approved.  The  quantity  gene- 
rally used  is  about  one  pound  of  acid  to  twenty  barrels  of 
water.     The  mode  of  employment  in  Germany  is  as  follows  : — 

After  the  grain  is  soaked  and  well  washed,  add  1  part  of 
salicylic  acid  to  5,000-6,000  of  water  and  stir  well  together. 
All  fungoid  growths  are  very  largely  prevented  by  this  process. 
The  germs  are  removed  by  washing,  or  killed  and  rendered 
incapable  of  development  by  the  salicylic  acid.  No  taste,  or 
evil  of  cmy  type  arises  from  this  treatment,  and  mildew  or 
mould  in  malt,  both  in  the  house  and  store,  is  almost  entirely 
prevented.  The  keeping-power  of  the  malt  is  also  very  largely 
augmented. 

With  barley  which  is  only  slightly  defective,  the  symptoms 
of  evil  are  capable  of  recognition  in  the  cistern.  Sudden  and 
wide  fluctuations  of  temperature,  or  any  marked  atmospheric 


TUrd  steeping. 

Time :  29  honra. 

Total :  74  houn. 

Water 

abaorbed. 

Bztraoted  matter. 
Kineral.          Organic. 

Water 
abaorbed. 

Sstntcted  matter. 
HineraL            Oiganie. 

CO. 

8 

• 

6 
10 

Orains. 
0053 
0-324 
0-043 

Qrainiii 
0048 
0-040 
0  043 

ce. 
63-6 
56-8 
600 

Oraina. 
0-252 
1-061 
0-241 

Ovalne. 
0-221 
0-279 
0-231 

It  was  thus  found  that  the  addition  of  salt  to  the  water  retards  the 
prooeM. 
*  Lehrbuch  der  Bierbrauerei,  p.  137. 
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change,  in  many  instancefi  favonr  the  development  of  the  evil. 
A  greater  tendency  is  also  exhibited  to  putridity  of  steep-liqnor 
and  consequent  increase  of  acidity.  In  those  cases  where  the 
evil  is  aggravated  by  too  frequent  renewal  of  steep-liquor,  the 
use  of  salicylic  acid  or  of  bisulphite  of  lime  is  invaJuable. 

In  pneumatic  maltings  the  intervals  of  steeping  are  ruled  by 
the  power  of  the  kiln,  or  the  convenience  of  working. 

To  attain  the  best  results,  it  is  generally  most  convenient  to 
steep  at  five-tide  intervals  with  undeviatmg  regularity.  In  a 
properly  constructed  house,  the  duration  of  steep  is  of  course 
enturely  independent  of  any  other  circumstance  than  the 
requirements  of  the  steeping  grain.  The  entire  conditions  of 
the  surroundings  and  steep  are  as  completely  and  easily 
controlled  as  the  motions  of  a  well-ma«de  clock  by  a  skilled 
clock-maker. 

Couching. 

After  barley  is  steeped  it  is  placed  in  couch.  So  long  as  the 
Malt-tax  was  collected  this  was  a  prime  necessity,  as  many 
penalties  were  attached  to  any  departure  from  the  orthodox 
method  of  throwing  or  treating  grain  in  couch. 

After  com  is  steeped  it  requires  rea^y  access  of  oxygen,  and 
free  contact  of  air.  It  also  needs  the  removal  of  the  carbonic 
acid  gas  invariably  disengaged. 

It  is  difiBcult  to  comprehend  how  these  desiderata  were 
attained  in  the  couch-frame,  constructed  as  specified  by 
numerous  Acts  of  Parliament.  It  is  still  more  difficult  to 
perceive  what  benefit  accrued  from  couching,  excepting  the 
gain  of  heat  and  consequent  sweat,  especially  as  one  of  the 
highest  accomplishments  of  a  practical  maltster  was  to  be  able 
to  drop  steeped-com  into  couch  with  the  greatest  attainable 
compactness. 

Practically,  in  many  cases,  couching  is  no  longer  necessary 
or  desirable,  and  it  is  quite  common  to  find,  if  the  com  is  left 
to  drain  thoroughly  in  the  cistern  for  six  or  twelve  hours,  that 
it  answers  all  ends. 

In  Germany  it  is  a  rule  with  maltsters  to  practise  this  form 
of  couching  with  great  care,  as  they  contend  that  much  harm 
can  readily  be  done  by  a  want  of  due  regard  to  drainage  and 
aeration  at  early  stages. 

Numerous  experiments  have  proved  that  the  access  of  heat 
in  couch  tends  directly  to  produce  acidity  in  the  resulting  malt. 
The  temperature  of  couches  varies  somewhat  widely.  The 
lowest  I  nave  ever  seen  was  40^,  and  the  highest  69°  Fahr., 
although  greater  extremes  of  both  cold  and  heat  occur  in  houses 
carelessly  managed. 

Ford*  says  that  *'  while  the  com  is  in  couch  it  seldom,  in 
"  malting  weather,  reaches  above  two  degrees  in  temperature 
**  above  the  floor ;  and  in  cold  weather  the  difference  is  more 
"  perceptible  than  in  warm  weather."  Steel  says  the  same 
thmg.    Numerous  other  writers  (Muspratt,  Thomson,  &c.,  &c.) 

♦  Op,  eit,  p.  109. 
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advise  the  acquisition  of  heat  by  com  in  couch  to  be  such  as  to 
gain  ten  degrees  above  heat  of  air  on  floor.  All  such  advice  is, 
however,  obviously  absurd.  The  heat  of  air  may  vary  largely 
in  a  few  hours.  The  right  temperature  in  couch  varies  very 
slightly,  and  is  ruled  byposition  and  character  of  malt-house 
and  growing-floors,  season,  temperature  of  air,  size  and  quality 
of  barley.  If  the  house  is  exposed,  and  the  weather  is  severe, 
it  may  be  necessary  to  cover  the  couch  with  blankets  or  cloths 
to  retain  heat,  for  it  is  never  good  for  the  temperature  of  couch 
to  fall  greatly.  If,  on  the  other  hand,  the  weather  is  close  and 
warm,  the  couch  can  speedily  be  opened  out,  and  great  care  is 
needed  to  prevent  it  getting  too  hot. 

In  couch,  the  distinction  between  the  cold  and  hot  system  of 
working  has  to  be  determined,  for  if  it  is  wished  to  work  com 
slowly  at  low  temperature,  then  the  couch  must  be  differently 
managed  than  if  the  work  is  to  be  done  quicklv.  Three  hun- 
dred years  ago  it  was  criminal  to  work  malt  in  less  than 
twenty-one  days  (see  p.  9),  which  indicates  very  careful  work- 
ing at  low  temperature,  and  necessitates  greater  cost  in  manu- 
feicture. 

The  prejudice  against  undue  heat  in  malting  continues  to 
the  present  day,  and  is  evidenced  by  the  almost  total  cessation 
of  malting  during  the  warmer  summer  months,  and  the  dislike 
brewers  still  express  to  so-called  cuckoo-malts,  i.e.,  malt  made 
in  April  and  May. 

In  Austria,  at  this  day,  corn  is  malted  at  low  temperatures 
in  underground  cellars.  Should  the  steeping-cistern  be  of  the 
common  square  brick  type,  the  com,  after  emptying,  is  allowed 
to  drain  thoroughly  in  heap  for  a  period  of  from  ten  to  twelve 
hours,  or  if  steeped  in  a  conical  steeping-cistern  it  is  allowed  to 
remain  and  drain  there.  It  is  then  at  once  opened  out  on  the 
floor  at  a  depth  of  three  or  four  inches,  or,  in  some  cases,  even 
less  than  two  inches ;  when  barley  is  very  sodden  or  oversteeped, 
this  is  very  beneficial,  for  free  application  of  air  and  consequent 
removal  of  excess  of  wet  is  good  for  drowned  grain.  After 
lying  in  this  thin  couch  for  about  one  tide,  it  is  gathered 
together  and  couched  at  depths  ranging  from  six  to  twenty 
inches.  The  depth  of  this  couch  is  ruled  by  the  character  of 
the  grain  and  the  temperature  of  the  air.  Com  that  is  properly 
steeped  can  necessarily  in  very  cold  weather  be  couched  at 
mtich  greater  depth  than  sodden  grain  in  warm  weather. 
Generally  great  care  is  taken  to  prevent  undue  evaporation 
from  the  top- surface  of  the  couch,  and  it  is  leveUed  with  as 
much  accuracy  as  good  maltsters  prided  themselves  in  doing  in 
the  old  tax-paying  days  in  Britam.  This  couch  is  rarely  left 
unturned  a  full  tide ;  very  generally  it  is  turned  every  five  or  six 
hours.  This  operation  is  also  ruled  by  the  wetness  of  the 
grain  and  coldness  of  the  air. 

According  to  the  frequency  of  turning,  coldness  of  the  air, 
and  activity  of  the  grain,  the  germ  chits  in  a  period  more  or 
less  prolonged.  Two  to  three  tides  is  the  common  time  for  the 
first  appearance  of  the  tiny  white  speck  that  indicates  growth. 
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It  is,  however,  not  unusual  for  five  or  even  six  tides  (72  hours) 
to  pass  prior  to  this  event,  if  the  harley  is  cold  and  stubborn, 
and  has  been  oversteeped. 

The  time  taken  to  attain  this  point  rules  very  largely  the 
future  working  of  the  floors.  If  it  is  prolonged,  then  the  couch 
is  kept  thick ;  if  quickly  attained,  then  the  couch  is  opened  out 
freely,  and  the  young  floor  is  kept  thin.  The  extreme  depths 
in  floor  range  from  fourteen  to  two  inches. 

During  this  process  it  is  common  to  find  the  corn  in  a  state 
of  sweat,  especially  if  the  heat  is  greater  in  the  middle  of  the 
couch  than  on  the  surface,  and  the  smell  of  the  grain  is  distinct 
CLnd  pleasant.  The  quantity  and  condition  of  this  sweat  serves 
to  guide  a  maltster  in  the  turning  of  the  floor,  together  with 
the  observation  of  the  temperature.  Almost  invariably  the 
sweat  accompanies  a  rise  oi  heat,  but,  in  any  case,  when  the 
heat  reaches  60°  to  63°  it  is  desirable  to  turn.  At  this  stage 
com  rarely  receives  injury  by  too  frequent  turning. 

Under  favourable  conditions,  the  rootlets  now  develope  with 
steady  vigour,  and  the  acrospire  moves  slowly  and  steadily  up 
the  back  of  the  grain.  The  more  uniformly,  both  individually 
and  collectively,  these  operations  occur  the  better  the  resulting 
malt  must  inevitably  be ;  and  in  this  operation  the  true  skill 
and  dexterity  of  ea.ch  maltster  are  best  manifested.  Nothing 
but  prolonged  practice  and  intelligently  skilful  use  of  the  shovel 
can  enable  any  man  to  turn  truly  and  thoroughly  a  floor  of 
green-malt.  Much  intelligent  and  painstaking  care  is  also 
needed  to  watch  the  relative  development  of  radicles  and 
acrospires,  for  by  careful  turning  their  length  can  be  almost 
absolutely  controlled,  both  in  each  kernel  and  in  the  whole  floor 
or  piece. 

Houses  working  in  this  manner  almost  invariably  have  their 
floors  sprinkled  at  such  time  as  may  be  necessary.  This  varies 
largely  as  to  time,  manner,  and  quantity. 

In  working  in  this  manner,  corn  can  continue  slowly  growing 
for  twenty  or  even  twenty-four  days,  but  to  do  this  it  is  neces- 
sary to  maintain  the  temperature,  on  the  majority  of  floors, 
constantly  at  a  point  lower  than  60°  Fahr. 

The  benefits  of  the  prolonged  cold-working  are  claimed  to 
be  considerable.  Ford*  says  that  "the  conversion  into  saccha* 
*^  rine  matter  is  the  most  perfect  by  a  cooler  and  slower 
**  vegetation.*' 

Experiments  at  the  Brewing  School,  Munich,  show  with 
some  exactitude  the  benefits  of  slow  and  dry  vegetation.  Very 
fine  Chevalier  barley  was  steeped  seventy-two  hours,  and  then 
divided  into  three  parts,  which  were  germinated  sepskrately. 
A,  a  moist  germination;  B,  a  cold  and  dry  germination;  C,  still 
colder  and  drier.  A  and  B  underwent  normal  growth,  but  in 
the  case  of  C  the  couch  was  too  dry.  The  three  malts  were 
dried  at  100°  Fahr.  for  ten  hours,  and  afterwards  kiln-dried  for 
a  further  i>eriod  of  ten  hours.  Experimental  mashes  gave  the 
following  results,  expressed  in  percentages  of  the  dry  malts : — 

•  Op,  eit.  p.  116. 
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ABO 

Extract 66-27        7071        69-63 

Maltose 46*59        46-86        43*30 

The  following  quantities  of  sugar  pre-existed  in  the  dry 
malts : — 

ABC 

Galonlated  aa  dextrose,  per  cent.  1'061        1*198        1*358 

„  maltose         „  ..     1*576        1*783        2037 

In  malt-houses  working  at  or  above  the  ground-level,  such 
slow  and  cold  working  is  rarely  possible,  but  it  is  exceedingly 
desirable  that  English  maltsters  should  learn  a  number  of  the 
lessons  that  Continental  modes  and  usages  can  teach. 

One  very  practical  objection  to  this  cold  system  is  the  very 
much  greater  area  of  growing-floor  space  it  requires,  and  the 
large  amount  of  labour  needed. 

As  a  contrast  to  this  cold  plan,  another,  termed  the  warm- 
sweat  process,  is  largely  practised  in  Bavaria  and  other  parts 
of  Germany. 

After  steeping,  the  com  is  kept  for  two  or  even  three  days  in 
a  comparatively  shallow  couch  of  five  or  six  inches,  where  it  is 
turned  at  least  twice  every  tide.  When  chitting  begins,  the 
depth  of  couch  is  greatly  increased  (generaUy  doubled),  and 
allowed  to  gather  heat  rapidlv.  It  is  only  turned  when  the 
surface  becomes  dry.  After  about  two  days,  the  depth  is  con- 
stantly increased  until  the  finish,  when  it  is  not  unusual  to 
find  it  BO  much  as  24  inches  deep,  and  upwards  of  100^  in 
temperature. 

This  process  is  naturally  very  rapid  and  irregular,  and  it  has 
nothing  to  commend  it  for  brewers'  uses  beyond  the  economy 
of  labour  and  space  it  renders  possible.  Commonly  it  is 
impossible  to  avoid  considerable  running  together  or  matting 
of  the  rootlets,  and  the  resulting  malt  is  known  as  "  felt-malt." 
In  the  spring,  barley  can  be  got  fit  for  kiln  by  this  process  in 
four  days  only  from  the  cistern,  growing  in  that  short  time 
radicles  of  great  length,  but  very  thin  and  weak.  Oats  will 
felt  even  more  readily  them  barley. 

For  distillers'  uses,  Brannt*  recommends  the  method  of 
making  felted-malt,  and  he  thus  describes  the  process : — 

"Felted -Malt. — Experience  has  shown  that  felted-malt 
**  has  advantages  over  the  ordinary  malt  for  distilling  purposes, 
*'  especially  when  it  is  to  be  used  in  a  moist  or  green  state, 
"  and  its  preparation  requires  less  labour;  but,  as  only  few 
"  distilleries  have  malt-houses  adapted  for  its  preparation,  its 
"  use  is  by  no  means  so  general  as  it  should  be. 

"  The  temperature  for  felted-malt  must  be  at  least  59^  Fahr., 
''  and  one  or  two  degrees  more  would,  with  the  moist  air  of  the 
'<  malt-house,  be  still  better. 

"  When  the  barley  is  taken  from  the  steep  it  is  piled  in  a 
"  heap  30  centimetres  (11*81  inches)  deep,  and  turned  oyer 
"  with  the  shovel  every  six  to  eight  hours  until  the  exterior 

•  Fnotioal  Treatise  on  Baw  ICateziaU  and  I>i8tillati(ui,  &o.,  pp.  92--84  [1886]. 
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of  the  grain  appears  entirely  dry.  When  this  is  accomplished 
the  barley  is  allowed  to  rest  until  the  fibrils  of  the  radicle 
commence  to  show  at  the  tip  of  tha  grain ;  the  barley  is 
then  spread  out  in  a  heap  10  centimetres  (3*93  inches)  deep. 
This  heap  is  allowed  to  rest  until  the  radicles  have  grown 
into  each  other ;  this  is  called  felting  the  malt.  Should  the 
upper  layer  of  the  heap  become  too  dry  before  the  lower  layer 
is  thoroughly  felted,  it  is  advisable  to  sprinkle  some  luke- 
warm water  over  it  before  turning  the  heap. 
"  The  turning  of  the  heap  is  effected  with  a  sharp,  flat, 
wooden  shovel.  The  malt  is  spaded  into  large  square 
sections,  each  section  being  turned  separately.  The  grains 
of  malt  falling  off  in  spading  are  either  brought  into  a  heap 
by  themselves  or  used  for  mling  up  the  intermediate  spaces 
caused  by  turning  the  heap.  How  often  the  malt  has  to  be 
turned  depends  on  the  degree  of  felting ;  the  proper  period 
of  turning  has  arrived  when  the  lower  layer  nas  felted 
stronger  than  the  upper. 

'*  Felted  malt,  whether  it  is  to  be  used  in  a  green  state  or 
converted  into  air-dried  or  kiln-dried  malt,  must  be  previously 
torn  apart,  which  is  best  done  by  the  use  of  a  machine  for 
the  purpose.  The  machine  is  very  simple  and  inexpensive. 
An  oaken  roller  about  15  to  20  centunetres  (5*9  to  7'87  inches) 
in  diameter,  and  40  to  50  centimetres  (15*74  to  19*68  inches) 
long,  and  furnished  with  wooden  or  iron  axles,  rests  in 
brasses  which  are  fastened  to  a  strong  oaken  frame,  provided 
with  legs.  The  roller  is  studded  with  sharp,  iron  spikes 
about  four  centimetres  (1*57  inch)  long,  and  moved  by  means 
of  a  crank.  Over  the  roller,  somewhat  inclined  to  the  side, 
is  a  hopper,  which  is  fastened  to  the  frame  in  such  a  manner 
that  its  lower  part  almost  touches  the  iron  spikes.  The  top 
of  the  hopper  may  be  as  wide  as  desired,  but  it  must  contract 
towards  the  bottom  so  as  to  have  only  a  sUt  8  to  10  milli- 
metres (0'31  to  0*49  inch)  wide.  The  pieces  of  felted  malt 
are  thrown  into  the  hopper,  and,  pressing  towards  the  lower 
part,  are  caught  as  soon  as  the  roller  is  set  in  motion  by  the 
spikes  and  torn  asunder.  The  malt  falls  into  a  box  placed 
under  the  machine. 

"  We  have  previously  stated  that  it  would  be  advantageous 
to  use  the  malt  in  a  green  state.  As  this,  however,  cannot 
be  done  in  most  cases,  it  must  receive  a  certain  degree  of 
drying,  and  the  less  it  is  dried  the  greater  is  the  danger  in- 
cident to  the  presence  of  the  germs  of  fungi,  which  in  the 
course  of  a  little  time  may  produce  an  extended  and  dangerous 
fungous  growth.  In  order  to  prevent  this,  it  has  been 
recommended  to  soak  the  barley,  right  after  steeping,  and 
just  before  placing  it  upon  the  floors,  for  some  time  in  a 
solution  of  one  part  of  ssuicylic  acid  in  6, (XX)  parts  of  water. 
This  is  said  effectually  to  destroy  all  fungous  growth  which 
may  adhere  to  the  barley  and  to  enable  the  green-malt  to  be 
stored  for  some  length  of  time  without  damage.  We  do  not 
counsel  a  prolonged  storage  of  green-malt,  but  rather  a^dvise. 
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where  it  cannot  be  used  at  once,  a  sufficient  degree  of  drying 
in  order  to  insure  its  keeping  qualities. 
'<  When  the  germinating  process  is  finished,  the  grain  is 
taken  to  the  drying-floor,  where  it  is  exposed  to  the  air  in 
layers  3  to  5  centimetres  (1"18  to  1*96  inch)  deep  and  turned 
over  with  rakes  six  or  seven  times  daily.  When  the  malt 
becomes  dry,  it  is  cleared  from  the  rootlets,  some  of  which 
drop  oflf  by  themselves,  while  others  have  to  be  removed  by 
winnowing.  For  ordinary  distillery  purposes  this  drying 
suffices,  but  if  the  malt  is  to  be  used  for  brewing  beer,  or  is 
to  be  kept  for  a  long  time,  it  has  to  undergo  a  roasting 
process." 

Dr.  Graham,  in  the  Cantor  Lectures  of  the  Society  of  Arts, 
says :  "  I  cannot  caution  practical  maltsters  or  brewers  too 
''  strongly  against  the  employment  of  a  high  temperature,  no 
*'  matter  whether  it  be  in  the  malting  or  fermenting  processes. 
''  As  regards  this  question  of  temperature  of  the  floors,  the 
**  English  are  decidedly  right  and  the  Bavarians  are  decidedly 
"  wrong." 

It  may  be  safely  laid  down  as  a  rule  that  the  germination 
of  the  green  couch  should  not  be  commenced  before  every 
imperfectly-dried  com  has  lost  the  shininess  of  moisture,  as 
gemination  in  a  warm  sweat  Bhould  be  avoided. 

It  may  also  be  accepted  as  a  rule  that,  in  nearly  all  circum- 
stances, the  heat  of  couch,  no  matter  what  its  depth  may  be, 
should  never  fall  below  50°,  or  exceed  65°.  The  safer  Emits 
are  54°  and  58°,  when  sufficient  time  can  be  given. 

In  couches,  a  variety  of  odours  are  detected,  which  are  ruled 
by  numerous  conditions  of  air,  water  and  barley  used.  The 
scent  that  indicates  healthful  conditions  resembles  somewhat 
the  characteristic  odour  of  apples.  This  has  been  attributed  by 
Mr.  Faulkner*  to  the  formation  of  alcohol  in  the  cells  of  the 
grain  mingled  with  carbonic  acid  gas  and  mould-spores. 

In  pneumatic  maltings,  couching  is  readily  accomplished  by 
leaving  the  corn  in  steep  prior  to  running  down  to  germinating- 
floor,  or,  if  for  any  reason  or  convenience  of  working  it  is  run 
out  of  cistern,  it  can  remain  for  a  period  on  the  ground-floor  ; 
or,  yet  again,  it  can  be  run  at  once  down  to  growing-floor  and 
remain  for  any  requisite  time  with  little  or  no  air  drawn  or 
driven  through  it. 

As  a  distinctive  operation,  couching  loses  its  individuality  in 
a  pneumatic-house.  For  the  period  corresponding  to  couching 
in  an  old-fashioned  malting,  the  sole  consideration  requiring 
regard  is  the  character  and  final  use  of  the  malt  made.  The 
conditions  requisite  to  secure  such  character  are  entirely  xmder 
control. 

Flooring. 

This  is  also  called  spireing.  In  an  ordinary  English  malt- 
house  the  couch  is  opened  out  into  young  or  *'  green-floor." 
This  is  an  operation  requiring  not  only  considerable  knowledge 

*  OooMioxial  Notes,  Ths  Bretceri'  Jmtmal^  1884,  p.  29. 
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to  direct,  but,  unlike  all  other  processes  in  malting,  a  good  deal 
of  skill  and  dexterity  to  perform.  As  a  fact,  it  is  easier  to  acquire 
the  knack  of  using  a  scythe  for  mowing  than  the  proper  use  of 
a  brofiwL  turning-shovel  on  floor.  For  a  number  of  days  the 
rapidly-grown  com  has  to  be  frequently  turned  in  a  particular 
manner  and  left  in  a  perfectly  flat,  even  state.  An  experienced 
and  skilful  maltster  will  throw  com  in  front,  behind,  or  on 
either  side  of  himself  to  a  distance  of  twelve  or  more  feet,  and 
leave  it  of  one  uniform  depth  in  every  spot,  and  perfectly  level. 
At  the  same  time,  by  a  shght  twist,  he  will  ensure  that  the 
great  bulk  of  the  kernels  that  formerly  lay  next  the  floor  shall 
be  brought  to  the  surface,  and  those  previously  on  top  sent 
below.  In  addition  to  this,  he  will  so  throw  the  com  a*s  to 
give  it  the  precise  amount  of  direct  aeration  or  exposure  to  the 
air  that  he  deems  desirable  or  necessary. 

To  perform  aU  this  rapidly  and  unerringly,  requires  obviously 
lengthened  practice  and  fair  intelligence.  As  the  labour  of  so 
turning  a  floor  is  greater  than  a  slovenly  mode  of  doing  it,  a 
considerable  degree  of  pride  in  working,  or  of  sheer  honesty 
in  workmen,  is  essential. 

To  attain  the  best  results,  it  is  a  frequent  practice  in  large 
houses  to  allot  particular  pieces  to  certam  men,  who  have  the 
entire  working  of  them  without  interference  or  help  ;  whilst  in 
smaller  houses,  the  work  of  particular  individuals  is  speedily 
recognised,  especially  if  it  is  performed  in  a  slovenly  or  defective 
manner. 

The  only  other  point  in  a  malting  where  skill  in  manipu- 
lation is  at  all  needed,  is  turning  a  kiln-floor.  As,  however, 
this  is  a  very  objectionable  practice,  the  sooner  it  is  abandoned 
the  better  it  will  be  for  everyone  concerned ;  but  of  this,  more 
anon. 

In  addition  to  the  mere  manual  skill  called  forth  in  turning 
floors,  a  very  considerable  degree  of  shrewd  ability  or  practical 
skill  is  necessary  to  determine  when  and  how  the  floors  shall 
be  turned.  All  maltsters  may  be  naturally  endowed  with  this 
skill,  or  they  may  have  gained  it  by  practice  ;  still  the  working 
of  no  house  I  have  ever  seen  is  entirely  incapable  of  improve- 
ment. 

In  turning  a  floor  it  is  commonly  desirable  to  take  it  in  two 
hfts  rather  than  one — i.e.,  the  shovel  should  skim  the  upper 
half  or  surface  first,  and  with  a  second  stroke  follow  on  with 
the  under  layer.  This  mode  ensures  a  more  complete  up- 
turning of  the  bottom  than  a  simple  turn-over. 

A  maltster  during  flooring  has  to  control  not  only  the  develop- 
ment or  growth  of  the  corn  germinating,  but  the  very  nature 
of  that  growth.  He  has  to  give  air,  and  secure  ventilation,  to 
regulate  heat  cmd  humidity,  to  foster  the  development  of  the 
plumules  and  check  the  radicles,  or  vice  versd,  as  the  case 
may  be. 

Some  of  this  work  is,  of  course,  alrea^dy  attained,  or  influ- 
enced, by  the  time  the  grain  reaches  the  floors,  for  the  relative 
growths  of  acrospire  and  roots  are  influenced  materially  by  the 
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duration  of  steeping  and  heat  of  couch.  Steel,  in  his  very 
irritating  and  blameworthy  book,*  advises  very  early  opening- 
out  of  couch  with  thinning-out  on  floor  to  three  inches  at  once 
and  its  maintenance  for  five  or  six  days  at  a  temperature  of 
50^,  for  he  asserts  that  a  low  temperature,  with  very  little 
turning  at  first,  "  are  everything  "  {sic). 

Nearly  all  writers  on  malt-making  state  that  during  this 
period  the  true  art  of  the  maltster  comes  into  play.  I  think 
differently.  It  would  be  better  for  maltsters  if  they  had  less 
art  and  more  knowledge,  for  an  intelligent  appreciation  of  the 
conditions  of  working  and  of  the  requirements  of  the  grain 
for  its  fullest  modification  for  brewers'  uses,  would  ensure 
more  satisfactory  working  in  very  many  cases  and  a  product  of 
greater  value. 

The  objects  of  turning  a  floor  are  threefold — ^to  loosen  and 
aerate  the  grain,  to  dissipate  the  carbonic  acid  gas  invariably 
present  in  couch,  or  on  floor  when  growing,  and  to  remilate 
temperature,  for  the  bottom,  centre,  and  top  of  a  floor  sJways 
vary  in  heat. 

In  turning,  it  is  desirable  to  work  deftly  and  neatly,  for 
irregular  working,  either  in  picking-up  and  shovelling  the 
floor,  or  when  depositing  it,  invariably  produces  bad  results. 
It  is  especially  desirable  to  guard  against  crushing  or  otherwise 
injuring  the  grain  with  the  feet,  plough,  or  shovel. 

In  many  malt-houses  it  is  a  strict  rule  that  all  men  working 
on  floor  shall  be  barefooted  or  wear  list  slippers.  In  turning  a 
floor  it  is  of  course  always  arranged  that  no  trampling  upon 
the  turned  piece  occurs. 

When  a  floor  is  finished,  it  is  the  rule  with  all  good  malt- 
sters to  sweep  up  between  pieces  with  scrupulous  care,  and  to 
turn  back  the  outer  edges  of  each  piece  sufficiently  thickly  to 
ensure,  as  nearly  as  possible,  umformity  of  heat  for  those 
edges  that  might  otherwise  grow  colder  from  their  greater 
exposure  to  air. 

In  this  country  no  attention  is  jpaid  to  keeping  the  floor  a 
little  distance  from  all  walls  and  ironwork  during  the  earlier 
stages  of  growth ;  but  I  have  seen  in  many  places  in  Germany, 
France,  and  even  Italy,  considerable  attention  paid  to  this 
point,  because  of  the  cQfferences  of  absorption  and  condensa- 
tion of  moisture  against  all  such  surfaces  as  walls  and  columns 
present. 

For  about  five  or  six  days  very  frequent  turning  of  the  floor 
is  undesirable.  The  conditions  that  determine  the  necessity 
for  turning  are  the  appearances  of  the  com  and  rootlets,  tem- 
perature of  floor,  ana  of  surrounding  air.  In  many  cases  it  is 
sufficient  to  plough  the  com,  rather  than  turn  it,  although 
Champion  t  says  of  the  use  of  the  plough  **  that  it  is  but  a 
"  temptation  for  the  working  maltster  to  neglect  the  turning 
"  of  his  floors  or  pieces,  by  which  alone  the  proper  form  of  the 

*  J.  Stbkl,  SeUotion  of  the  Ftaotioal  Points  of  Haltmg  and  Brewing,  and  Strio* 
tune  Thereon,  p.  10. 
t  W.  CBumoir,  The  Maltsten'  Gnide,  pp.  48,  44. 
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"  root  can  be  acquired,  the  proper  degree  of  heat  retained,  and 
*'  the  process  of  germination  for  the  obtaining  the  most  valuable 
**  properties  of  the  malt." 

Bight  turning  and  ploughing  of  the  com  upon  floor,  coupled 
with  suitable  temperature,  aur-supply,  and  humidity,  ensure 
proper  germination.  For  practice  purposes,  right  germina- 
tion is  generally  sufficiently  indicated  by  the  appearance  of  the 
roots  and  the  progress  of  the  acrospire  up  toe  back  of  the 
grain. 

Directly  the  grain  has  received  a  certain  percentage  of 
moisture,  the  germ  becomes  affected,  and  germination  or  growth 
may  be  said  to  begin.  One  would  naturally  suppose  tnat  the 
development  of  germ  and  radicles  bore  a  direct  relation  to  each 
other,  out  in  practice  it  is  found  that  this  is  not  the  case.  By 
modifications  of  air-supply,  heat,  and  moisture,  the  germ  can 
be  induced  to  grow  more  rapidly  than  the  roots,  or  vice  versd. 
Undue  development  of  germ,  relatively  to  roots,  is  a  defect 
that  manifests  itself  unpleasantly  when  the  malt  is  brewed,  as 
it  interferes  directly  with  the  right  sustenance  of  the  yeast- 
cells. 

Great  length  of  root  with  slow  progress  of  acrospire  is  also 
a  source  of  direct  loss,  and  must  be  prevented.  It  is  generally 
indicative  of  too  high  a  temperature  upon  floors. 

High  temperature,  which  is  the  result  of  warm  weather  or 
thic^ess  of  floor,  is  usually  better  controlled  by  thinning  than 
by  too  frequent  turning. 

It  is  difficult  to  turn  or  handle  malt  on  young  floors  in  any 
way  without  injuring  or  breaking  off  the  tender  radicles; 
therefore  no  unnecessary  turning  should  occur.  But  it  is 
better  in  practice  to  err  on  the  side  of  too  frequent  moving 
than  to  leave  the  corn  untouched  upon  floors  for  very  length- 
ened intervals. 

The  times  for  turning  are  so  essentially  ruled  or  influenced 
by  the  nature  and  quality  of  the  grain,  the  position  and  cir- 
cumstances of  the  house,  and  the  state  of  the  weather,  that  it 
is  simply  dangerous  to  formulate  any  rule  as  to  txuning.  That 
is  one  phase  of  the  business  best  learnt  practically. 

Commonly,  in  Great  Britain,  the  practice  of  couching  is  still 
resorted  to ;  consequently  the  steeped  grain  lies  in  coucn  undis- 
turbed for  twenty  to  twenty-four  hours.  It  is  then  opened  out 
and  thinned  to  depths  varying  from  12  to  2|  in.,  the  depth 
being  ruled  by  the  surrounding  conditions.  The  broken  couch 
is  then  left,  as  a  young  floor,  for  varying  periods.  This  young 
piece  may  generally  be  left  for  twenty  to  twenty-four  hours, 
and  be  then  turned.  For  the  succeeding  two  or  three  days  it 
may  be  ploughed  or  tmned  once  or  twice  a-day,  or  if  necessary 
three  or  even  four  times  daily.  As  a  rule,  however,  twice 
suffices,  and  is  sometimes  too  much.  If  the  weather  is  reaUy 
cold,  turning  at  first  must  be  very  carefully  done.  Movement 
of  the  grain  is  essential,  but  severe  checlang  or  reduction  of 
temperature  is  very  baneful. 

The  main  object  to  attain  is  a  short,  abundant  bushy  root, 
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with  five  or  six  radicles  to  each  kernel,  and  a  regular  develop- 
ment of  germ.  If,  at  any  period  from  the  third  to  the  seventh 
day,  the  temperature  of  the  floor  is  higher  than  the  particular  t 

class  of  barley  being  malted  can  support,  considerable  and 
irreparable  injury  is  effected,  for  the  radicles  flag  and  droop  so 
seriously,  that  in  many  cases,  if  the  injury  is  decided,  they  drop 
away  entirely.  Practically  this  is  found  to  induce  hardness 
and  steeliness. 

The  appearance  of  the  roots  furnishes  a  very  sure  and  easily- 
identified  criterion  of  the  rightness  of  the  temperatures  and 
conditions  of  the  growing-floor. 

The  total  time  barley  germinates  upon  floors  is  very  varied. 
The  main  factors  ruling  this  time  are — the  barley  itself,  the 
weather,  the  malt-house,  and  the  method  of  malting.  It  is 
unusual  for  the  total  time  occupied  to  be  less  than  eignt  days, 
or  to  exceed  twenty-four  days,  when  malt  is  made  for  brewers' 
use.  When  made  for  distillation  it  is  sometimes  carried 
through  in  less  time  even  than  eight  days  ;  whilst  malt  made 
for  roasting  purj^oses  used  to  be,  and  in  some  cases  is  still, 
hurried  through  m  from  four  to  five  days. 

At  one  time  great  tenderness  or  friability  of  malt  waa  aimed 
at  very  strenuously.  This  is  necessarily  influenced  by  the 
mode  of  growth.  As,  however,  it  is  a  delusive  quality  and 
unnecessary,  all  efforts  made  to  secure  it  are  a  waste  of  energy, 
i.e.,  the  fnability  resulting  from  special  treatment  on  floor, 
apart  from  the  tenderness  secured  iu  kiln-drying. 

In  many  malt-houses  the  vegetating  com  is  carried  or 
dropped  from  one  floor  to  another.  This  consequently  gives  a 
severe  check  to  growth,  if  carelessly  or  improperly  done,  and, 
in  many  cases,  results  in  much  damage  to  corns  that  are  trod-  . 

den  upon  or  cut  with  shovels,  baskets,  &c.    It  is  generally  I 

desirable  to  make  changes  of  this  kind,  when  practicable,  on 
the  fifth  or  sixth  day,  when,  commonly,  sprinkling  revivifies  the 
grain. 

If  on  taking  a  handful  of  grain  from  the  floor  it  smells  faint, 
and  the  skin  is  glossy  or  wet,  it  requires  turning.  After  this  it 
will  smell  fresh,  and  the  grain,  instead  of  being  glossy,  will  be 
dry.  If  the  turning  is  omitted  at  the  proper  time,  the  rootlets 
will  be  of  unequal  length  and  the  growth  of  acrospire  will  also 
be  irregular. 

The  odour  of  properly  growing  barley  when  it  has  a  good 
supply  of  oxygen  and  the  carbonic-acid  gas  is  freely  removed, 
resembles  that  of  freshly-cut  cucumbers.  When  the  smell  is 
like  that  of  apples,  it  is  evidence  of  imperfect  aeration. 

It  is  almost  always  desirable  to  wet  the  spaces  of  floors 
between  pieces  at  least  twice  a  day.  If  any  tendency  to  mould 
exists  in  floor,  bisulphite  of  lime  should  be  added  to  the  water 
so  used.     (See  pp.  46—48.) 

In  a  well-ordered  house  it  is  the  rule  to  keep  a  broom  on 
each  side  of  every  piece  should  any  traffic  over  pieces  occur. 
The  mixing  of  pieces  by  careless  trampling  is  objectionable. 

No  steeping- cistern,  growing-floor,  or  kiln-floor,  should  be 
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without  its  own  special  thermometer.  Malting  by  rule-of-thumb 
only  is  precisely  as  ridicnlons  as  mashing  by  the  original 
method  of  estimation  of  heat  by  seeing  one's  face  reflected  in 
the  water  standing  in  the  tmi. 

Thin,  foreign  or  inferior  com  may  usually  be  worked  at 
higher  temperatures  than  fine,  heavy  com. 

Jericka  says  : — **  Every  heap  should  be  allowed  time  for 
"  complete  softening-up.  It  is  better  in  spotted  or  mottled 
**  barley  to  close  the  eyes  to  a  little  over-growth  of  the  acro- 
"  spire.  The  more  the  barley  is  spotted,  the  greater  length 
"  may  the  spire  be  allowed  to  attain." 

Matting,  or  balling  on  floors,  must  on  no  account  be  per- 
mitted under  any  circumstances  in  malt  made  for  brewing. 

Careful  perusal  of  the  chemical  Chapters  IX.  and  XII.  will 
enable  a  maltster  to  find  satisfactory  and  scientific  reasons  for  a 
number  of  the  conclusions  and  rules  laid  down  throughout 
this  book,  and  for  the  empirical  rules  resulting  from  practical 
knowledge  and  working. 

Maltsters  all  know  that  air  is  necessary  for  the  growing 
grain.  That  it  is  so  is  readily  proved  by  placing  vigorously- 
growing  com  in  a  close-stoppered  bottle.  Directly  the  oxygen 
present  is  consumed^  all  farther  growth  is  arrested. 

In  the  germination  of  barley,  we  know  that  carbonic-acid  is 
generated  and  oxygen  is  absorbed.  Analysis  shows  that  some 
of  the  carbohydrates  and  albuminoids  are  oxidised  and 
changed,  or  degraded.  Speaking  of  this.  Dr.  Graham,  in  the 
**  Cantor  Lectures,"  1874,  said  that  '*  a  number  of  products  so 
'*  formed  are  not  yet  known  to  chemists ;  some  of  them  are 
*'  intermediate  products,  having,  apparently,  the  power  to 
"  build  up,  while  others  have  simply  the  power  to  break 
"  down.  A  portion  of  the  albuminous  matter  is  completely 
**  burnt,  and  the  albumen  of  the  barley  actually  supplies 
"  a  portion  of  the  carbonic  acid."  The  whole  subject  of  the 
chemical  changes  in  barley  during  germination,  has  been  very 
much  more  carefully  and  elaborately  studied  abroad  than  in 
England.  Accordingly  we  find,  on  glancing  at  the  Bibliography 
(Chap.  XXII.),  a  far  greater  number  of  writers  upon  this  subject 
in  nearly  all  other  beer-drinking  countries  than  m  this. 

The  modifications  of  the  carbohydrates  and  proteins  of 
barley  by  the  process  of  malting,  have  been  briefly  dealt  with  in 
Chapters  IX.  and  XII.     The  chief  changes  are : — 

1.  Conversion  of  insoluble  starch  to  amidin. 

2.  Conversion  of  proteins  into  amides. 

3.  Loss  by  respiration  and  by  development  of  rootlets. 

1. — ^Modification  of  Stabch, 

This  involves  neither  access  or  loss  of  matter,  the  amidin 
being  of  the  same  empirical  composition  as  the  original  starch. 
Some  of  the  granules,  however,  are  destroyed,  being  converted 
into  glucose  and  carried  into  the  rootlets  in  solution,  there  to 
be  oxidised  into  carbonic-acid  gas  and  water. 
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2. — Modifications  op  Pbotbins. 

A  general  survey  of  what  has  been  published  on  the  subject 
of  protein-transformations  during  germination  will  show  that 
most  of  the  researches  relate  to  the  germination  of  the  more 
highly-nitrogenous  seeds  of  beans,  peas,  castor-oil  plant, 
lupines,  pumpkins,  etc.  It  is  obvious  that  in  seeds  which 
are  very  rich  in  nitrogen,  the  transformations  of  nitrogenous 
substances  play  a  relatively  larger  part,  and  are  easier  to  deter- 
mine by  means  of  careful  analyses.  We  may  conclude  that 
grain  containing  analogous  albumenoids  elaborate  similar  trans- 
formations in  the  processes  of  germination ;  but,  nevertheless, 
it  is  of  great  importance  to  have  exact  numerical  data  of  the 
relative  proportions  of  such  protein-transformations  in  different 
seeds  during  the  successive  stages  of  germination.  Of  all  com- 
monly cultivated  plants,  barley,  beyond  doubt,  is  that  which 
presents  most  practical  interest  in  respect  of  germination,  and 
by  comparison  with  its  importance,  the  researches  into  the 
chemistry  of  the  subject,  so  far  at  least  as  concerns  protein- 
transformations,  appear  hitherto  to  have  been  neither  suffi- 
ciently  numerous  nor  exhaustive.  A  large  series  of  valuable 
researches  respecting  nitrogen  -  transformations  in  malting 
already  exists.*  But  partly,  inasmuch  as  the  bulk  of  these 
researches  deal  with  the  differences  in  total  nitrogen  between 
the  barley  and  the  dry  malt,  and  partly  bjb  the  methods  of 
analysis  employed  have  not  been  sufficiently  minute,  it  appears 
very  desirable  that  the  protein-transformations  occurring  in 
barley  during  the  process  of  germination  should  be  followed  by 
further  analysis. 

One  of  the  principal  purposes  of  malting  is  the  formation  of 
diastase.  Now,  although  diastase  has  not  yet  been  obtained  in 
a  pure  state,  enough  is  known  about  it  to  lead  to  the  assump- 
tion that  it  is  a  substance  approximating  very  closely  to  albu- 
minoids soluble  in  water.  And  this  assumption  has  been  farther 
confirmed  since  C.  Lintner,  jun.,  showed  how  direct  is  the  pro- 
portion between  the  diastatic  powers  of  a  malt  and  the  amount 
of  soluble  albuminoid  therein  contained. f  Whence  it  foUows 
that,  at  least  in  normal  barleys,  the  proportion  of  soluble  pro- 
teids  is  an  indication  of  diastatic  power. 

As  this  power  is  augmented  materially  by  slow  growth  upon 
the  floors,  Dr.  Bersch  recommends  that  the  temperature 
should  not  be  allowed  to  exceed  63°,  or  fall  much  below  59*^ 
Fahr.  Haberlandt  found  77°  to  be  the  temperature  favouring 
the  most  vigorous  growth  in  wheat,  barley,  rye,  and  oats,  but 
the  diastatic  power  is  considerably  diminished  by  such  a  heat, 
and  evils  are  engendered  of  a  kind  already  described. 

3. — ^Loss  BY  Bespiration  and  Growth  of  Combbs. 

The  researches  of  Mr.  T.  C.  Day,  referred  to  on  p.  137,  indicate 
the  combustion   of  glucose  derived  from  the  modification  of 

•  See  Bibliography.  t  Wocheruchrtft  fur  Branern,  1884,  p.  84. 
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Starch  in  the  respiration  of  the  growing  malt.  Possibly,  also, 
the  cellulose  and  proteins  contribute  in  some  measure  to  the 
carbonic  acid  gas  and  water  produced.  The  combes  carry  off  a 
considerable  proportion  both  of  mineral  constituents  and  nitro- 
genous matter,  as  is  shown  by  their  composition.  Any  undue 
stimulation  of  growth  tends,  consequently,  to  detrimental  loss 
in  all  the  compounds  present  in  malt.  The  relative  amounts 
of  the  several  substances  in  the  original  grain  probably  affect 
the  relative  loss,  and  in  some  com  the  loss  of  even  a  consider- 
able proportion  of  nitrogenous  matter  is  advantageous,  provided 
it  be  not  accompanied  with  too  great  a  diminution  of  the  car- 
bohydrates and  mineral  ingredients.  The  latter,  however,  are 
BO  closely  related  to  the  proteids  that  excess  or  defect  occurs  in 
both,  pari  passu. 

The  operation  of  sprinkling  during  germination  has  oc- 
casioned an  enormous  amount  of  controversy  for  several 
generations.  The' basis  of  the  controversy  rested  in  the  legal 
restrictions  of  the  Act,  but  many  men  ^ew  to  think  the  Act 
itself  detrimental  to  malt,  while  beneficial  to  maltsters. 

The  numerous  absurd  regulations  restricting  sprinkling  have 
had  the  effect  of  making  it  a  practice  little  understood  \n  the 
United  Kingdom,  and  it  is  consequently  a  proceeding  which  is 
much  more  fally  known  and  appreciated  in  other  countries. 

Notwithstanding  the  little  scope  allowed  by  law,  some 
advanced  maltsters  have  tried  every  means  in  their  power  to 
obtain  liberty  to  sprinkle,  and,  as  far  as  possible,  tested  the 
benefit  of  the  practice.* 

In  the  earlier  part  of  this  century  maltsters  were  divided  in 
opinion  as  to  these  benefits,  some  being  in  its  favour,  others 
against  it.  The  large  brewers  of  London  who  bought  malt 
were  unanimously  of  opinion  that  the  malt  that  was  sprinkled 
was  very  inferior.  Those  brewers,  however,  who  were  maltsters, 
were  strongly  in  favour  of  sprinkling,  asserting  that,  under 
certain  circumstances,  it  was  highly  re<juisite.t 

It  is  well  to  bear  in  mind  that  at  this  time  (1806)  the  duty 
amounted  to  34s.  8d.  per  quarter,  and  sprinkling  was  not 
permitted  until  the  twdfth  day.  This  time  was  gradually 
reduced,  until,  in  1860, 1  it  was  finally  altered,  and  the  limit 
fixed  was  reduced  to  96  hours,  provided  the  com  had  been 
steeped  for  50  hours. 

Mr.  Ford  §  says: — "I  am  of  opinion,  considering  the  high 

"duty  of  malt the  fifth  day  is  the  extent  of  indulgence 

"  which  can  consistently  be  asked.  Experience  proves  earlier 
"  sprinkling  is  not  required.  If  the  com  has  received  its 
"  proper  proportion  of  steep  in  cistern,  the  com  or  grain  can  be 
"  effectually  regulated  by  judicious  sprinkling  in  malting 
"  either  free  or  close  malt ;  but  if  it  be  a  question  of  quality,  I 
"  have  always  found  that  the  long  steep,  say  from  65  to  72 

*  For  mnoh  yalnable  information  on  the  subject,  see  Ford*8  Malting  and  Brew- 
ing, Beynoldflon  on  Malt,  and  numeroos  Beports  ordered  b^  the  House  of  Oonunons. 
T  Mr.  Haddon,  ETidenoe  before  Gommittee  of  Houbo  of  Commone,  1806. 
23&2iyiot.c.ll3. 
FoBD,  Malting  and  Brewing,  ed.  ii.  p.  38  [1862]. 
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"  hours,  produces  the  most  even  and  perfect  vegetation,  giving 
**  more  weight,  and  at  the  same  time  equal  flavour  and 
*'  tenderness." 

In  two  experimental  steeps,*  conducted  exclusively  to  determine 
practically  the  value  of  sprinkling  so  far  as  the  quality  of  malt 
was  concerned,  the  result  was  that  the  sprinkled  malt  weighed 
2  lbs.  per  quarter  less,  and  yielded  2  lbs.  less  extract  when 
brewed,  but  paid  a  duty  of  21s.  6d.  per  quarter  (on  barley 
steeped),  whilst  the  unsprinkled  malt,  steeped  for  72  hours, 
paid  23s.  per  quarter  duty.  The  yield  being  2  lbs.  greater, 
and  the  extract  being  valued  at  that  time  9d.  per  lb.,  the 
difference  in  value  was  unappreciable,  judged  roughly  from 
this  standpoint  only,  but  it  centred  in  the  saving  in  duty  alone. 
Consequently,  if  we  may  accept  the  deductions  of  Mr.  Ford, 
sprinkling  would  now  result  m  a  loss,  as  the  duty  can  no 
longer  influence  the  question,  and  the  unsprinkled  malt  yielded 
more  by  2  lbs.  per  quarter.  "  Loss  of  moisture  (Ford)  may 
*'  be  supplied  by  sprinkling  ;  the  corn  cannot  by  any  possibility 
**  take  m  this  moisture  so  evenly  as  in  the  cistern.  .  .  .  Never 
*'  sprinkle  until  the  roots  are  well  developed  and  sprinkle  at 
"  from  fourth  to  sixth  day."  Champion  advises  sprinkling  + 
very  strongly,  and  gives  many  weighty  reasons  for  its  adoption. 
He  (Champion)  recommends  three  pints  of  water  per  bushel  of 
fine  bold  barley,  and  is  particular  in  his  instructions  to  mix 
this  water  evenly.  To  do  this,  half  should  be  added  early  in 
the  morning  and  the  malt  turned  at  once ;  then  the  remain- 
ing moiety  two  hours  later,  with  a  second  turning.  In  mild 
weather  three  or  four  turnings  should  be  given  the  first  day. 
The  time  for  sprinkling  is  from  the  fourth  to  the  ninth  days. 

Ford  says  t  **  that  what  water  is  given  upon  the  floors  should 
"  be  given,  in  all  cases,  before  the  eighth  day ;  in  most  cases 
"  what  is  given  should  be  given  on  the  fifth  day." 

The  practice  of  sprinkling  §  permitted  numerous  frauds  to  be 
practised  which  were  difl&cult,  if  not  impossible,  without  it. 
As  already  stated,  the  frauds  against  the  revenue  no  longer 
concern  us.  The  fraud  against  brewers,  of  outrunning  acrospire 
to  obtain  inordinate  increase,  is  one  which  can  be  stopped  by 
them.     They  should  not  buy  such  malts. 

The  most  common  practice  was  termed  "  gelding  the 
cistern,"  which  was  done  in  this  way.  After  aTOut  twenty 
hours'  steeping,  a  quantity  of  corn  would  be  removed  firom 
cistern,  and  mixed  with  the  youngest  floor.  The  deficiency 
in  cistern  would  be  made  good  by  adding  a  similar  quantity  of 
dry  barley  to  the  cistern.  Obviously  this  practice  could  not 
be  adopted  if  sprinkling  was  forbidden  for  ten  to  twelve  days. 
When  it  was  possible  to  sprinkle  early,  artful  maltsters  paid, 
in  some  cases,  little  more  than  half  duty.     Another  practice 

*  FoBD,  Malting  and  Brewing,  1862,  pp.  129—132. 

t  W.  Chaxpiow,  The  Maltiiter*8  Guide,  1832,  p.  60. 

1  FoBD.  Op.  cit,  p.  130. 

I  Steel,  in  his  oostly  treatise,  omits  all  reference  to  sprinkling,  bat  nearlj  all  th« 
older  writers  devote  much  space  to  the  controversy  perpetually  raging  oonoenung 
its  value. 
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was  to  run  whole  wettings  by  steeping  for  twenty  hours, 
carrying  forward  at  once  to  young-floor  and  refilling  cistern. 
Officers  of  Excise  must  have  been  singularly  careless  or 
ignorant  not  to  detect  this  at  once. 

Honest  men  did  not  resort  to  any  such  practices,  and  many 
of  them  found  that  certain  barleys  were  much  benefited  by 
sprinkling  on  the  fifth  day  or  afterwards.  Very  steely  or  rough, 
coarse  grain  from  stiff  clay  soils,  quite  frequently  in  bad  seasons 
became  languid  during  early  growth,  and  a  right  amount  of 
sprinkling  was  very  desirable  for  it.  When  this  could  not  be 
given  (fix)m  1827  to  1860),  the  com  was  put  into  "dead  couch," 
i,€.,  it  was  kept  on  the  growing-floors  from  the  sixth  to  the 
twelfth  day  practically  unturned,  or  turned  at  most  once  in  two 
days. 

Brewers  who  malt  for  their  own  use,  very  commonly  be^ 
to  sprinkle  on  the  fourth  or  fifth  day,  and  continue  watenng 
for  two  days  only,  using  from  three  to  six  gallons  of  water  per 
quarter.  The  quantity  so  used  necessarily  depends  upon  the 
grain  itself  and  the  state  of  the  atmosphere.  It  is  rarely 
desirable  to  sprinkle  so  late  as  the  eighth  day,  unless  the  piece 
is  extremely  backward,  for  grain  saturated  so  late  during 
growth  as  the  eighth  day  must  necessarily  wither  imperfectly, 
and  carry  forward  an  excess  of  moisture  to  the  kiln. 

Mr.  F.  Faulkner*  writes  about  sprinkling  in  the  following 
very  able  manner : — 

"  The  maltster  so  works  as  to  bring  the  somewhat  erratic 
"  rootlet  under  control — i.e.,  if  he  desires  to  work  for  rootlet 
"  he  sprinkles  before  it  is  so  controlled ;  if,  on  the  other 
"  hand,  he  v^shes  to  make  up  sound  and  good  material,  he 
**  waits  until  the  energy  of  rootlet-growth  is  fairly  mastered, 
'*  and  in  this  sense  the  immense  benefit  of  long  steep-periods 
"  is  apparent,  so  that  sprinkling  stage  can  be  delayed  till  the 
"  fifth  day.  After  this  time,  sprinkling- water,  carefully  applied, 
*'  goes  to  encourage  growth  of  back  or  acrospire,  as  distinct 
"  from  growth  of  rootlet;  and  I  especially  impress  this  point 
"  as  one  of  increasing  importance.  I  am  no  advocate  of 
"  sprinkling  as  a  substitute  for  steeping,  but  only  as  an  aid 
"  to  vegetation.  In  the  old  days  it  was  generally  done  from 
"  an  economical  point  of  view,  but  is  now  unnecessary,  unless 
"  the  grain  require  it.  Mai  ting-floors  are  often  carelessly 
'*  laid,  and  in  the  hollows  so  formed  sprinkling  liquor  is  apt  to 
"  accumulate,  over-saturating  such  grain  as  lies  there,  this 
"  grain  frequently  over-shootmg.  Besides  this,  saturation  by 
"  sprinkling  is  very  irregular,  no  matter  what  care  is  expended 
"  when  using  the  can,  and  in  after-turning  of  grain.  My 
"  advice  is,  that  maltsters  should  adopt  the  long-steep  idea 
"  as  far  as  possible,  keeping  the  sprinkling  to  within  three  to 
"  five  gallons  per  quarter.  Now,  as  we  utilise  moisture  for 
**  attaining  complete  growth,  we  have,  of  course,  to  see  that 
"  it  is  not  applied  in  excess,  and  my  meaning,  when  speaking 
'*  of  the  art  of  the  maltster,  is  that  in  so  regulating  aeration, 

*  Bfeweri  Journal,  1884,  pp.  28,  29. 
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'  temperature,  and  moisture,  he  attains  the  necessary  growth 
'  by  the  time  that  the  essential  moisture  has  been  dissipated 

*  by  evaporation.  Now,  as  the  frecjuent  turning  to  regulate 
'  temperature  leads  to  rapid  evaporation,  the  decree  depending, 
'  of  course,  also  upon  temperature  and  humidity  of  atmo- 
'  sphere,  the  addition  by  sprinkling  necessarily  varies.  The 
'  careful  maltster  so  adds  it  that  overgrowth  is  prevented, 
'  while  the  grain  naturally  withers  (which  means  vitality  again 
'  becoming  inert)  by  the  time  that  the  extension  of  acrospire 

*  proves  perfection  of  modification." 

As  I  before  stated,  many  of  the  best  Continental  maltsters 
pay  strict  attention  to  sprinkling,  or,  as  they  graphically  ex- 
press it,  *'  after-steeping."  This  one  word  truly  describes  the 
process,  and  is  in  itself  sufficient  explanation  of,  and  justification 
for  it.  With  them,  however,  very  great  attention  is  paid  to 
the  actual  requirements  of  each  particular  sample  oi  grain 
being  made  into  malt.  Because  one  parcel  of  barley  carries 
two  gallons  per  quarter  one  day,  they  do  not  continue  to  give 
every  other  lot  the  same  quantity  throughout  the  season,  and 
at  all  times  of  the  season.  They  study  the  needs  of  each  floor, 
and  sprinkle  according  to  those  needs. 

A  series  of  carefully-conducted  experiments  were  published 
in  1881  in  the  Allgemeine  Zeitschrift  fiir  Bierbrauerei  und 
Malzfabrication,  which  were  conducted  by  Herr  C.  Chodounsky, 
to  determine  the  influences  of  curtailing  the  steep  and  making 
up  for  it  by  increased  sprinkling  on  floors. 

The  results  are  shown  by  the  following  tables  : — 


OidinaJT  Steeping.     66  Hoon  at  4^  Fahr. 
Tamed  16  times. 


Daya. 


3 

4 
6 
6 
8 


^^'    !  ^SPgSS! 


Appearance 


100 

100 

37-3 

30 

2-8 

2-6 


62-7 

270 

7-2 

40 


lialt 


70 
90 
93-7 


Floored  after  30  Hoon'  Steeping. 
Tnmed  tt  timM. 


3arle]r. 


100 
Prelimmazy 

steeping,  46'6 
Sprinkling,         32-6 

6-8 
2-4 

2-0 


Appeaianee 
of  Oenn. 


63*4 
67-4 
290 
10-8 


20 


Mali. 


64-2 
86*8 

96*6 


jRtmarkt,— The  sprinkling  was  effected  with  48  gallons  of  water  at  46**  Fahr.  to 
10  quarters  of  grain. 

In  winter  there  were  required,  on  an  average,  36  gallons  of 
water  daily,  or  24  to  30  cans  (72  to  90  gallons)  of  water 
altogether  up  to  the  commencement  of  germination  for  every 
17  qrs.  of  barley.  By  the  ordinary  method  the  same  grain 
would  take  96  to  100,  steeping  at  32°  Fahr. 

The  plumule  attained  the  necessary  length  with  a  shorter 
growth  of  radicle.  As  regards  loss  in  malting,  the  annexed 
table  shows  the  results  so  far  as  observed : — 


OEBMINATION:   SPBIHEIiINa. 


355 


Mode  of  Steeping. 

Tear. 

Avezage  wt. 

perbnaheL 

Barley. 

Weight  per 

bnahel. 

Halt. 

LooB  in 

Malting. 

Combee. 

Ibe. 

lbs. 

Percent. 

Per  cent. 

Ordinary 

1877 

64-46 

46-43 

22-93 

4-76 

Do 

1878 

64-86 

46-26 

23-80 

4-31 

Do 

1879 

64-74 
64-77 

44-60 

22-62 
22-66 

4-96 
6-67 

Do 

1880 

64*46 

43-68 

22-86 

4-74 

Sprmkling  .. 

1880 

64-46 

46*66 

20-97 

4-21 

Do 

1881 

64-46 

46-43 

21-41 

4-24 

Average  of  four  years 

by  ordinary  method 

^^^* 

64-46 

46-66 

23.02 

4-67  to  4-79 

Caxefally-dressed  barley  was  steeped  for  the  space  of  forty 
to  fifty-two  hours  in  winter,  and  twenty-four  to  thirty  hours  in 
warmer  and  milder  weather.  The  steep-waters  were  run  off 
in  the  usual  way :  the  first  in  the  course  of  six  to  eight  hours ; 
the  second  in  twelve  to  sixteen  hours ;  the  third  after  twenty- 
four  to  thirty  hours'  steeping  of  the  grain.  The  steeped  grain 
was  loaded  to  a  depth  of  nine  to  twelve  inches  on  the  floors, 
and  spread  out  more  thinly  at  each  successive  turning.  The 
floors  were  turned  every  five  to  six  hours,  the  grain  being 
sprinkled  v^th  the  help  of  ordinary  watering-pots  fitted  with 
roses,  until  moistened  to  the  requisite  degree. 

In  the  course  of  these  comparative  trials,  Herr  Chodounsky 
arrived  at  the  following  conclusions  : — 

1.  That  barley  which  has  been  left  but  a  short  time  in 
steep  retains  a  fresh  wholesome  odour,  quite  distinct  from  the 
common  steep-cistern  smell,  which  is  a  product  of  putre£a.ctive 
or  acid  fermentation. 

2.  That  the  uniform  moistening  with  the  water-cans  and 
the  frequent  turning  of  the  grain,  whereby  it  is  brought  into 
perfect  contact  with  the  air,  are  favourable  to  healthy 
germination. 

This  is  evident'  by  the  very  uniform  germination  appearing 
on  the  third  day  v^th  the  floors  at  a  temperature  of  49^  to  53^ 
Pahr.,  and  the  equally  uniform  formation  of  young  maJt 
twenty-four  hours  later,  while  the  malt  on  the  floors,  up  to 
the  end  of  the  germinating  process,  emits  the  peculiar 
cucumber-like  odour  so  acceptable  to  the  maltster.  Maltsters 
know  well  that  when  malt  has  been  badly  managed  on  the 
floors,  or  has  been  made  &om  unsound  grain,  it  is  at  this 
juncture  that  it  betrays  the  defect  by  giving  out  a  musty, 
mouldy,  or  sour  smell. 

3.  Owing  to  the  curtailment  of  the  steeping,  the  malt 
exhibits  a  &esh  amber  tone,  unlike  the  greenish  tinge  acquired 
in  the  ordinary  process. 

4.  The  grains  of  malt  appear  plumper  and  looser  in  texture. 

5.  The  sprinkling  process  renders  it  possible  to  malt  in  the 
warmer  months  (May  and  September),  as  the  water  used  for 
sprinkling  can  be  cooled  with  ice.  This  produces  a  certain 
amount  of  slight  refrigeration  on  the  floors. 
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The  windows  of  the  maJtings  in  which  the  above  experi- 
ments were  made,  were  simply  screened  by  ordinary  linen  bimds, 
so  as  to  temper  the  light  on  the  floors. 

Bearing  in  mind  the  fact  that  the  chief  aim  of  the  maltster 
is  to  maintain,  as  closely  as  possible,  the  conditions  most 
favourable  to  the  right  development  of  the  acrospire  and 
radicles  of  the  germinating  grain,  I  fail  to  see  how  sprinkling 
can  be  regarded  as  an  evil  practice,  or  even  an  unnecessary 
one,  in  the  case  of  the  great  bulk  of  the  barley  malted.  As  a 
fact,  I  have  yet  to  see  any  barley  whatever  which  is  not 
benefited  by  judicious  springing,  combined  with  right  steeping, 
when  grown  on  an  ordinary  exposed  English  maltlng-floor. 

In  sprinkling,  care  is  required  at  all  times  not  to  flood  a 
weakly  or  struggling  floor,  and  proper  turning  of  the  grain  is 
essential. 

In  pneumatic  maltings,  sprinkling  should  be  unknown  and 
unnecessary.  The  air  supphed  should  ever  have  its  humidity 
BO  controlled  as  to  keep  the  grain  sufficiently  moistened  for 
all  its  requirements,  unless  a  little  top-wetting  is  necessary. 

Other  forms  of  sprinkling  which  are  greatly  to  be  depre- 
cated, are  the  addition  of  water  after  withering,  prior  to  loading 
on  kiln,  in  order  to  give  the  dried  malt  a  bold  appearance,  or, 
still  worse,  sprinkling  the  malt  when  dried  and  freshly  thrown 
off  the  kiln. 

Withering. 

When  barley  has  its  acrospire  developed  about  three-fourths 
up  the  back,  and  has  thrown  out  a  good  cluster  of  short, 
bushy  radicles,  it  has  sufficiently  grown  to  be  finished  off. 

In  many  malt-houses  it  is  simply  taken  at  this  stage  to  the 
kiln,  especially  if  it  has  also  acquired  the  cretaceous  firiability 
that  is  indicative  of  sufficient  germination. 

Other  and  more  careful  maltsters  subject  it  to  a  regular  process 
of  withering  with  eminently  satisfactory  results.  It  is  not 
positively  necessary  to  make  malt  tender,  but  it  is  desirable, 
and  it  is  necessary  to  ensure  the  full  effects  of  germination 
upon  the  whole  of  the  constituents  of  the  grain.  Proper 
withering  commands  friability,  and  it  aids  the  whole  of  the 
necessary  modifications  of  the  grain. 

Consequently  all  maltsters  should  carefuUy  consider  the  true 
position  and  influences  of  withering,  and  in  all  cases  where  the 
requisite  characteristics  of  the  malt  made  reqtiire  it,  they 
should  adopt  the  process. 

The  true  functions  of  withering  are  to  arrest,  or  even  stop, 
growth,  to  dissipate  moisture,  slowly  to  acquire  warmth,  and 
especially  to  effect  those  subtle  changes  upon  the  endosperm, 
and  probably  the  whole  of  the  constituents  of  the  grain,  which 
are  very  difficult  at  present  accurately  to  define,  but  the 
specific  and  commercial  value  of  which  is  very  great. 

In  many  malt-houses,  especially  older  ones,  a  proper  wither- 
ing-loft is  provided  and  used.  Practice  alone  taught  our 
fathers  that  entire  disintegration  of  the  germinating  grain  was 
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beneficial  in  the  open  infasion-system  of  mashing.  This  they 
attained  by  carefal  working  on  floor,  and  very  complete 
withering,  prior  to  loading  on  kiln,  or  daring  the  earlier  stages 
of  drying. 

In  the  comparatively  fine  kilns  of  the  present  day,  a  large 
proportion  of  the  total  benefits  of  withering  are  attained  by 
the  temperature  and  nature  of  the  draught  in  kiln,  for  main- 
tenance of  green  malt  in  kiln  at  or  under  105^  Fahr.  is 
accounted  an  equivalent  to  withering,  and  does  not  finally 
arrest  vegetation. 

During  the  withering  stage,  whether  it  occur  on  floors, 
withering-loft,  or  kiln,  the  momentous  question  of  length  of 
spire  is  practically  determined. 

Experience  has  taught  that  malt  which  has  the  back  well 
up,  but  not  entirely  out,  gives  generally  the  best  results  in 
brewing.  Attentive  study  of  the  chemical  changes  effected  in 
barleys  by  malting,  conclusively  points  to  the  soimdness  of 
the  observation  that  led  men  to  determine  the  result  or  effect, 
long  before  they  had  ascertained  the  cause.  The  finite  influ- 
ences upon  the  carbohydrates  and  soluble  albuminoids  of 
grain  are  fortunately  very  clearly  indicated  by  the  degree  of 
development  of  the  embryo  plant  —  consequently  we  find 
maltsters  in  Britain  ruling  their  conduct  by  the  length  of  the 
acrospire.  In  Belgium,  Germany,  and  other  Continental 
countries,  they  pay  more  attention  to  the  appearance  and 
length  of  the  radicles.  In  this  respect  it  is  fair  to  assume  that 
they  are  apt  to  be  frequently  misled,  for  although  it  is  appa- 
rently the  fjBu^t  that  the  acrospire  indicates  accurately  the 
extent  and  amount  of  the  molecular  changes  on  the  grain,  the 
length  and  amount  of  radicles  indicate  chiefly  the  conditions 
under  which  they  have  developed,  and  they  furnish  but  meagre 
criteria  as  to  the  fitness  of  the  green  malt. 

During  the  later  stages  of  flooring  and  withering  the  rootlets 
wither  and  dry  up,  becoming  very  shrivelled  and  almost 
brown,  especially  if  sprinkling  be  not  continued  for  undue 
length  of  time. 

In  addition  to  withering,  some  maltsters  throw  the  oldest 
floor,  before  loading  in  kiln,  into  a  heap,  and  allow  it  to  gain 
heat  spontaneously,  with  the  object  of  making  it  tender. 
Many  eminent  maltsters  have  prstctised  this  heap-withering, 
and  still  continue  to  do  so — ^notwithstanding  many  others 
assert  that  it  is  a  pernicious  and  undesirable  plan.  Champion 
wrote  very  strongly  against  the  practice  in  1832,  and  in  Scot- 
land it  has  become  almost  obsolete,  although  in  the  early  part 
of  this  century  it  was  nearly  universal  in  that  country. 

A  defect  of  most  pneumatic  systems  up  to  the  present  time 
is  that  the  inventors,  being  usually  foreigners  and  unacquainted 
with  the  advantages  English  malt  gains  from  withering,  make 
no  provision  for  this  desirable  practice.  To  a  brewer  using 
malt  on  the  infusion,  or  ordinary  EngUsh  mashing  system,  it 
is  necessary  that  malt  be  properly- withered  previous  to  being 
kiln-dried.     With  a  slowly-decreasing  amount    of   moisture 
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remaining  in  green  malt  during  its  later  time  upon  the  floors, 
a  modification  of  the  constituents  of  the  barley  occurs  that  has 
not  at  present  been  obtained  by  other  means.  The  consequent 
friability  is  stated  to  be  a  necessity  in  old-fashioned  ordmary 
open  mash-tuns.  By  sprinkling  late  on  the  floors,  and  re- 
moving the  moisture  too  rapidly,  a  degree  of  hardness  or 
"steeliness"  is  obtained  that  occasions  diminished  extract 
and  unsatisfactory  wort. 

All  this,  however,  is  not  yet  proved,  for  users  of  pneumatic 
malt  find  that  friabihty  is  not  an  important  essential  at  all. 
This  malt  is  made  under  conditions  that  enable  it  to  retain 
all  the  moisture  it  requires  for  growth,  and  it  can  go  to  kiln 
quite  saturated  or  soapy.  It  is  not  mealy  when  loaded,  and 
often  it  is  the  reverse  of  tender  when  finished  off.  It  gives, 
however,  equally  good  extracts  with  tender  malt  of  correspond- 
ing grade. 

Hence,  although  friable  malt,  grown  in  the  common  way, 
may  be  preferable,  pneumatic  malt  grown  under  totally  dif- 
fering conditions  is  not  necessarily  inferior  in  consequence  of 
its  deficiency  in  this  particular. 

Note. — For  Summary  of  Heats  see  page  389. 


859 


CHAPTEE     XX. 

DRYING. 

Dzym^: — 

FitneflB  of  Oieen-malt  for  Kiln.  Excess  of  Proteins.  Beaaons  why  Drying  is 
Benefidal.  Three  Rules  for  Drying.  Qualities  of  a  good  Kiln.  Opinions 
on  Drying  of  Champion,  Shannon,  Combrune,  Ford,  and  Cermak.  Innuenoes 
of  Air.    Meats  Recommended  by  Chodounsky  and  Dr.  Gkaham.    Yeast. 

First  Rule :  Depth  of  Load  not  exceeding  8  inches : — 

Reasons  for  Rule.  Moisture.  Turning.  Heats.  Acids.  Cooking. 
Second  Rule:  Malt  Unturned: — 
Eyils  of  Turning  Malt.  Orig^  of  Stopes'  System.  Ghraham*s  Cantor  Lectures. 
Stead's  Patent.  Taznplin's  Kiln.  Modes  of  Working.  Four  Days  on  Kiln. 
Heats.  Sweating.  Opinions  of  Turning :  Black,  Ford,  and  Steiner.  Me- 
chanical Turner.  Finishing.  Necessity  for  Turning  in  Single-floor  Kilns. 
Differsnoee  in  Heat. 

lliird  Rule :  Heat  must  be  maintained  at  Finishing: — 
Rules  for  Drying.  Heats.  Uniformity.  Tables  of  Heats.  Free'sKiln.  Wella, 
Burton,  Luton,  and  Poole  Ealns.  Adyantages  of  Double  Kilns.  Mechanical 
Regulators.  Heaping  on  Eliln-floor.  Sudden  Heating  of  Green-malt. 
Muiq>ratt,  Michel,  and  Marx.  Rapid  Diying.  Dr.  Graham's  Experiments. 
Empyreumatic  Ilayours.  Influence  of  High  Heats.  Graham's  Analysis. 
Kjelaahl's  Researches. 

Redrying: — 
Steel,  Faulkner.    Lager-beer  Malt.    Bayaiian,  Bohemian,  and  Austrian  modes 
of  Diying.    Directions  for  Use  of  Stopes'  Kilns.   Diagrams  of  Heats.   Table 
of  Heats  giyen  by  Twelye  Authors. 

The  processes  of  genmnation,  and  their  attendant  needs, 
succeed  in  inducing  the  material  changes  in  corn  that  convert 
it  into  malt. 

By  the  time  barley  reaches  the  end  of  the  withering  stag[e 
it  is  no  longer  barley,  but,  to  all  intents  and  purposes,  malt. 
For  distillation,  or  the  production  of  Weiss  beer,  it  is  ready 
for  immediate  use  if  desired,  and,  so  far  as  its  converting  or 
diastatic  capacity  is  concerned,  it  has  at  this  stage  nearly 
attained  its  maximum  of  enersy. 

For  the  best  production  of  ales,  stout,  porter,  and  whiskey, 
and  for  numerous  other  uses,  it  is  absolutely  necessary  to 
subject  green-malt  to  the  direct  influence  of  heat,  for  diying 
is  a  vital  necessity. 

The  precise  moment  when  drying  should  commence  can 
only  be  determined  by  the  character  and  condition  of  the 
paiticular  bulk  of  green-malt  about  to  be  dried,  for  it  is  an 
impossibility  to  pre-determine  the  growth  of  any  sample  of 
com. 
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Withered  green-malt,  fit  for  the  kibi,  has  the  following 
recognisable  characteristics : — 

The  endosperm  is  soft,  dry,  mealy,  and  very  white.  It  is 
termed  cretaceous  or  chalky,  and,  when  pressed  between  the 
thumb-nails,  exudes  no  moisture,  and  crumbles  or  disintegrates 
without  a  pasty  or  dough-like  adhesiveness.  The  acrospire 
should  be  i/all  Una  of  fhe  same  floor,  as  evenly  as  po8sS,le 
about  three-fourths  up  the  back  of  the  kernel.  The  roots 
should  be  short,  curly,  and  almost  dried,  not  exceeding  half  an 
inch  in  length,  or,  preferably,  one  and  one-third  the  length  of 
the  kernel.  Comparatively  slight  regard  may,  however,  be 
paid  to  the  length  of  radicles  if  the  length  ot  acrospire  and 
condition  of  endosperm  are  favourable.  The  odour  should  be 
agreeable,  and  enturely  free  from  mustiness  or  other  evil  smell. 
When  very  sweet  and  perfect,  it  strongly  resembles  freshly-cut 
cucumber. 

If  on  rubbing  or  pressing  a  kernel  it  is  not  white  and  mealy, 
but  hard,  soapy,  clung,  or  glutinous,  it  indicates  an  excess 
of  protein-substances  ;  and  requires  careful  manipulation  in 
kiln  at  low  temperatures. 

The  reasons  why  drying  malt  is  necessaiy  and  beneficial, 
are  numerous. 

Germination  is  completely  and  finally  arrested. 

The  moisture  is  reduced  to  a  Umit  that  renders  it  in- 
capable of  injuring  the  other  constituents  of  the  malt. 

The  constituents  are  themselves  modified  and  finally 
fixed,  so  that  rightly-dried  malt  remains  comparatively 
stable  for  lengthened  periods.  The  influences  of  drying 
upon  the  resulting  wort,  or  product  of  the  malt,  are  very 
distinct  and  powerful. 

The  distinct  influence  of  drying  is  commonly  an  increase 
of  dextrine,  modifications  of  the  carbohydrates,  &c.,  and 
acquisition  by  the  grain  of  the  all-important  empyreu- 
matic  influences. 

The  malt  becomes  capable  of  lengthened  storage,  and  best 
fitted  for  use  in  the  mash-tun.  It  is  also  best  adapted 
for  transport  and  grinding  when  well  dried. 

Almost  all  mould  and  other  fungoid  growths  are  completely 
arrested,  and  their  vitality  is  suspended.  It  is,  how- 
ever, a  mistake  to  think  they  are  effectually  killed. 

Professor  Graham*  says,  ''A  slight  error  in  the  previous 
*'  malting  or  even  mashing  may  not  be  serious,  but  a  slight 
*'  error  in  the  fermentation  process  is  attended  with  very  serious 
''results." 

I,  however,  invariably  assert  that  malting  equals  in  vital 
influences  the  mashing,  and  is  of  much  greater  importance 
than  fermenting. 

This  is  essentially  a  brewer's  question,  but  it  is  of  import- 
ance to  maltsters. 

As  a  matter  of  simple  fact,  easily  understood,  by  the  quality 

*  Gantor  Leoturos,  Jottm.  Soe.  ArtB,  1874. 
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of  the  barley,  liquor  and  yeast  used,  or  by  the  mode  of 
steeping,  growing,  drying,  and  grinding  of  malt,  and  by  the 
processes  of  mashing,  stewing,  and  boihng,  we  can  absolutely 
control  our  fermentation,  but  I  never  yet  met  a  brewer  in  any 
part  of  the  world  who  laid  claim  to  the  capacity  of  being  able 
to  alter  a  bad  fermentation  into  a  thoroughly  sound  and 
healthful  one  by  watching  or  any  amount  of  care  and 
doctoring.  When  malt  of  inferior  quaUty,  or  which  has  not 
been  properly  grown  and  carefuUy  kUn-dried  in  the  firet  instance, 
has  been  improperly  mashed  and  boiled,  the  fermentation  can 
in  very  few  instances  be  described  as  a  sound  or  good  one. 

The  processes  of  malting  and  fermenting,  bear,  in  many 
senses,  the  relation  of  cause  and  effect,  and  it  is  idle  to  attempt 
properly  to  influence  effects,  and  continue  to  ignore  causes. 
The  objects  of  malting  and  fermenting  are  unlike  and  distinct 
in  almost  every  detiul,  but  they  have  this  in  common,  that 
their  main  end  is  to  produce  a  sound,  pleasing,  and  profitable 
beer.  Malting  to  a  very  great  extent  determines  the  character 
of  the  wort  to  be  fermented,  and  the  fermentation  acts  upon 
that  wort  badly  or  well,  not  only  in  direct  relation  to  the 
quality  and  nature  of  the  yeast  added,  and  the  conditions  of 
temperature  and  other  surrounding  influences  of  the  wort,  but 
in  a  greater  and  more  important  manner  according  to  the 
nature  of  that  wort  itself.  The  wort  is  not  only  the  element 
surrounding  the  yeast-plant,  but  it  is  the  food-supply  also, 
and  upon  the  character  and  quaUty  of  the  food  supplied,  the 
development  and  well-being  of  the  yeast-crop  mainly  depend. 
My  own  experience  has  taught  me  that  kiln-drying  and 
mashing  exercise  almost  equally  great  influences  upon  the 
character  of  the  wort,  and  as  the  one  stage  necessarily  pre- 
cedes the  other,  it  must  take  the  first  place,  especially  as  the 
influences  of  the  kiln  are  more  permanent  than  those  of  the 
mash-tun. 

Much  good  beer  has  doubtless  been  made  from  very  inferior 
malt,  also  vast  quantities  of  so-called  good  beer  are  made  by 
men  who  never  even  saw  a  prpper  mash  ;  but  neither  of  these 
facts  ca>n  upset  or  affect  the  assertion  that  it  is  necessary  to 
pay  strict  and  carefal  attention  to  the  drying  of  malt  to  produce 
a  wort  of  uniform  quality  and  absolute  soundness.  By  careful 
working,  inferior  barley  can  be  made  into  fairly  sound  and 
useful  malt.  By  the  employment  of  considerable  skill  and 
having  good  plant,  a  brewer  can  make  very  good  beer  from 
indifferent  malt,  but  his  efforts,  if  carried  back  to  the  malt- 
house,  are  much  more  certain  and  reUable  in  their  effects. 

No  brewer  needs  to  be  told  how  much  easier  is  his  work,  and 
more  certain  in  its  results,  if  he  has  malt  well-made  and 
soundly  dried. 

To  dry  pale  malt  well  three  things  are  necessary. 

1.  It  should  be  loaded  in  the  condition  just  described  as 
sound  green-malt  upon  a  floor  at  a  thickness  rarely,  if 
ever,  exceeding  seven  to  eight  inches. 
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2.  It  must  remain  unturned  at  a  low  temperature  until 

nearly  all  moisture  is  removed. 

3.  Heat  must  then  be  applied  steadily  and  freely,  and  be 

maintained  for  a  considerable  time  at  a  nearly  uniform 
height,  ranging  from  160^  to  as  high  as  230°  in  some 
cases. 

With  these  three  rules  duly  carried  out,  simple  as  they  seem, 
vast  quantities  of  malt  now  daily  spoiled  in  the  making,  could 
be  manufactured  into  a  thoroughly  sound  and  useful  article. 

Kilns  work  fairly  which  allow  these  conditions  to  be  fully 
kept. 

jBy  far  the  greater  proportion  of  the  kilns  now  working  in 
Britain  can  be  easily  and  inexpensively  arranged  or  altered,  to 
enable  these  necessary  conditions  to  be  always  attained  with 
certainty  in  practice. 

A  really  well-designed  and  good  kiln  can  always  ensure  the 
following  conditions. 

Malt  completely  dried  {i.e.,  deprived  of  97  per  cent,  of  the 

total  moisture  present  in  green  malt). 
Uniformity  of  dryness,  colour,  flavour,  and  aroma. 
Economy  of  working  in  cost  of  fuel  consumed  and  labopr 

employed. 

One  hundred  and  twenty  years  ago*  maltsters  deemed  it 
necessary  to  dry  off  only  three  or  four  inches  deep,  some  going 
so  far  as  to  allow  ninety  square  feet  to  the  quarter  upon  the 
kiln,  but  they  almost  invariably  had  kilns  very  imperfectly 
constructed,  with  a  space  of  a  few  feet  only  from  bars  to  floor, 
but  little  head-room,  and  the  floors  of  horsehair,  tiles,  or  plates, 
all  badly  made,  and  incapable  of  allowing  free  ventilation  or 
passage  of  air.    In  many  cases,  also,  wooden  plates  were  used. 

The  best  kiln,  according  to  Champion!,  is  one  **  which  dries 
'*  a  given  quantity  of  malt  with  the  least  quantity  of  fael  with 
"  no  injury  to  colour  and  quality." 

The  same  practical  maltster  advises  "  an  open  room,  13  feet 
*'  high,  not  closed  in  with  arched  sides,"  and  strongly  recom- 
mends openings  for  air  at  each  side  of  the  fire.  He  prefers  loading 
a  whole  wetting  at  once,  and  keeping  it  upon  the  kiln  at  a 
temperature  of  90^  for  18  hours,  turning  twice  during  the 
time.  By  gradually  raising  the  heat,  and  frequently  turning, 
the  malt  gets  dried,  and  is  nnished  at  120^  for  pale  malt. 

Some  of  the  kilns  constructed  in  the  early  part  of  this 
century  had  pipes  variously  placed  to  convey  the  heat  directly 
from  the  fire  to  above  the  diying-floor,  in  order  to  dissipate  the 
steam. 

Over  fifty  years  ago  the  importance  of  drying  was  recognised  and 

*  The  London  and  Goontiy  Brewer.    By  a  Person  formerly  ooooemed  in  a 
Fublio  Brewhonse.    London,  1769. 
t  The  Maltster*!  Ouide^  p.  94. 
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written  about,*  and  some  ciuionB  facts  are  mentioned  in  a  huge 
volome  published  in  the  early  part  of  this  century,  f  I  deem  it 
advisable  to  quote  somewhat  fully,  but  more  modem  experience 
teaches  that  nearly  every  deduction  in  these  abstracts  is  erro- 
neous. Increased  temperature  and  lengthened  cooking  add  to 
the  stability  of  the  wort  and  beer  produced.  This  is  now  for- 
tunately very  generally  believed,  although  still  far  too  much 
malt  and  beer  is  spoiled  for  want  of  more  perfect  drying. 
Shannon  says:— "The  further  we  pursue  the  deeper  tints  of 
"  colour  by  an  increase  of  heat  beyond  that  which  simple  pre- 
"  servation  requires,  the  more  we  injure  the  valuable  qualities 
"  of  the  malt.  It  is  well-known  that  scorched  oils  turn  black, 
"  and  that  calcined  sugar  assumes  the  same  complexion. 
'*  Similar  effects  are  producible  in  malts  in  proportion  to  the 
"  increase  of  heat,  or  the  time  of  tiieir  continuing  exposed 
"  to  it.  The  parts  of  the  whole  being  so  mutuaUy  united 
"  by  nature  an  injury  cannot  be  done  to  the  one  without 
"  affecting  the  other ;  accordingly  we  find  that  such  parts 
''  of  the  subject  as  might  have  been  severally  extracted 
"  for  the  purposes  of  a  more  intimate  union  by  fermentation, 
''  are,  by  great  heat  in  curing,  burnt  and  blended  so  effec- 
"  tually  together  that  all  discrimination  is  lost,  the  unfer- 
"  mentable  are  extracted  with  the  fermentable,  the  integrant 
•'  vnth  the  constituent,  to  the  very  great  loss  both  of  spiri- 
"  tuosity  and  transparency.  In  paler  malts  the  extracting 
**  liquor  produces  a  separation  which  cannot  be  effected  in 
''  brown,  where  the  parts  are  so  incorporated  that,  unless  the 
*'  brewer  is  very  well  acquainted  with  their  several  qualities 
"  and  attachments,  he  will  bring  over  with  the  burnt  mixture 
"  of  saccharine  and  muciUaginous  principles  such  an  abund- 
"  ance  of  the  scorched  oils  as  no  fermentation  can  attenuate, 
"  no  precipitants  remove ;  for,  being  in  themselves  impediments 
'*  to  the  action  of  fermentation,  they  lessen  its  efficacy ;  and 
'*  being  of  the  same  specific  gravity  with  the  beer,  they  remain 
"  suspended  in,  and  incorporated  with,  the  body  of  it,  an 
"  offence  to  the  eye  and  a  nausea  to  the  palate  to  the  latest 
"period." 

"  From  this  account  it  is  evident  that  the  drying  of  malt  is  an 
"  article  of  the  utmost  consequence.  Concerning  the  proper 
"  degree  of  heat  to  be  employed  for  this  purpose,  Mr.  Combrune 
"  has  related  some  experiments  made  in  an  earthen  pan,  of  about 
"  two  feet  diameter  and  three  inches  deep,  in  which  was  put  as 
"  much  of  the  palest  malts,  very  unequally  grown,  as  fillea  it  on 
"  a  level  to  the  brim.  This  being  placed  over  a  little  charcoal  in 
"  a  small  stove,  and  kept  continually  stirred  from  bottom  to  top, 
"  exhibited  different  cnanges  according  to  the  degree  of  heat 
"  employed.  On  the  whole  he  concludes  that  true  germinated 
"  malts  are  charred  in  heats  between  175^  and  180^ ;  and  that,  as 
"  these  correspond  to  the  degrees  in  which  pure  alcohol,  or  the 

*  Chaxfion,  The  Maltsters'  Ghiide  [1832]. 

t  R.  SHAinroN,  A  Practical  Treatise  on  Brewing.  [1805]  pp.  134—136.   See  also 
London  Brewer,  seTenth  edition,  pp.  263  and  321. 
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''  finest  spirit  of  the  grain  itself,  boils  or  disengages  itself  there- 
"  from,  they  may  point  out  to  us  the  reason  of  barley  being  the 
**  fittest  grain  for  the  purposes  of  brewing." 

Probably,  in  the  whole  range  of  brewing,  no  experiments 
have  been  so  delusive  in  themselves  and  productive  of  such 
serious  and  lasting  mischief,  as  those  of  Combrune.  I  quote 
from  his  second  edition  (1804),  in  preference  to  the  first  edition 
(1762),  because  Mr.  Combrune  states  in  the  preface  of  the  later 
work  that,  "  in  many  respects  it  differs  considerably  from  the' 
**  first.  I  have  endeavoured  to  convert  to  use  every  advice, 
"  every  opinion  I  received,  and  having  put  them  to  the  test  of 
"  further  practice,  flatter  myself  it  will  be  improved." 

After  forty  years'  practice,  therefore,  the  grievous  errors  he 
perpetrated  were  apparently  undiscovered — a  very  striking 
illustration  of  the  advanced  ideas  of  Mr.  Combrune  compared 
to  the  brewers  generally  of  his  day  and  generation. 

From  these  experiments  Mr.  Combrune  has  constructed  a 
table*  of  the  different  degrees  of  the  dryness  of  malt,  with  the 
colour  occasioned  by  differences  of  heat.  Thus  malt  exposed 
to  119°,  is  white ;  to  124°,  cream  colour ;  to  129°,  light  yellow ; 
to  134°,  amber-colour;  to  138°,  high  amber;  to  143°,  pale 
brown  ;  to  148°,  brown  ;  to  152°,  high  brown  ;  to  157°,  brown 
inclining  to  black  ;  to  162°,  high  brown,  speckled  with  black ; 
to  167°,  blackish  brown,  with  black  specks  ;  to  171°,  the  colour 
of  burnt  coffee  ;  to  176°,  black. 

This  account  not  only  shows  us  how  to  judge  of  the  dryness 
of  malt  from  its  colour,  but  also,  when  a  grist  is  composed  of 
several  sorts  of  malt,  what  effect  the  whole  will  have  when 
blended  together  by  extraction.  Experience  proves  that  the 
less  heat  we  employ  in  drying  of  malt,  the  shorter  time  will  be 
required  before  the  beer  which  is  brewed  from  it  is  fit  to  drink  ; 
and  this  will  be,  according  to  the  following  table : — 119°,  2 
weeks ;  124°,  1  month ;  129°,  3  months ;  134°,  4  months ; 
138°,  6  months ;  143°,  7  months ;  148°,  9  months ;  152°, 
10  months  ;  157°,  18  months  ;  162°,  24  months. 

Fordf  says  that  '*  the  lower  the  temperature  of  the  heated  air 
"  malt  is  dried  with,  the  plumper  and  more  productive  is  the 
"  malt ;  but  for  fulness  of  flavour  a  higher  temperature  is 
"  required."     He  recommends  the  following  heats  : — 


Beqairod  Coloar. 

FlntHeat 
in  Fit. 

Gmdually  incraaaiiiff 
to. 

OnKQn. 

WUte         

Pale           

Do.  for  Stook 

Pale  Amber 

Dark          

90'» 

90° 
96«» 
96° 

100°  to  120° 
100°,,  135° 
120°  „  145° 
140°,,  180° 
170°,,  190° 

95°  to  106° 
100°,,  180° 
100°  „  136° 
120°  „  170° 
140°,,  180° 

•  CoxBBinrB,  Theory  and  Praotioe  of  Brewing,  ed.  i.  pp.  103—106  [1762];  and 
ed.  U.  115— 119  [1804]. 
t  W.  FoBD,  Malting  and  Brewing,  1862,  pp.  121,  122. 


DRYING.  365 

These  heats  axe  for  well-constracted  kikis.  High  colour  is 
given  by  sudden  changes.  The  heat  in  pit,  till  steam  is  well  off, 
shonld  not  exceed  100^,  and  then  be  gradually  increased  with 
as  great  a  volume  of  air  as  can  be  obtained  for  pale  malt.  All 
air  admitted  to  pit  should  be  rarefied  by  fire  m  its  passage. 
Malt  should  be  turned.  Never  discharge  from  kiln  until  fire 
has  burnt  low  and  clear,  and  the  malt  been  roimded  up  in 
centre  of  kiln  for  two  hours  at  least. 

If  the  draught  is  good,  dry  10  in.  to  12  in.  deep ;  if  bad,  only 
5  in.  to  7  in. 

*'  *It  is  therefore  obvious  that  the  skilful  preparation  of  malt 
''  on  the  kUn  must  have  the  greatest  influence  on  the  quality  of 
"  the  worts  made  from  it. 

*^  As  far  as  the  malting  process  is  concerned,  I  believe  we  are 
"  perfect,  but  in  the  drying  we  have  much  to  learn ;  our  pre- 
"  sent  plan,  although  greatly  improved  of  late  years,  is  still 
"  defective." 

As  time  went  on,  kilns  were  gradually  increased  in  height 
and  effective  power,  but,  strangely  enough,  this  additional 
power  was  used  to  add  to  the  quantities  produced  rather  than 
to  the  quality  of  the  malt  made.  The  restrictive  character  of 
the  many  laws  passed  year  by  year  made  improvement  difficult, 
but  maltsters  had  themselves  more  to  blame  than  the  Excise, 
for,  had  they  really  wished  to  alter  the  system  of  drying,  the 
authorities  would  inevitably  have  given  consent. 

Still,  the  more  enlightened  and  skilful  maltsters  came  to  the 
knowledge  of  the  greater  value  malt  had  in  brewers'  esteem 
when  it  was  kiln-dried — i.e.,  kept  at  high  temperatures  for  a 
few  hours  before  being  thrown  off;  and  the  duration  and 
intensity  of  this  process  were  steadily  increased,  until,  at  this 
moment,  very  many  maltsters  keep  their  floors  from  eight  to 
twenty-four  hours  at  heats  exceeding  180°,  thereby  adding 
greatly  to  the  satisfaction  and  credit  of  the  brewers  using  the 
malt  so  dried.  By  somewhat  indifferently  attending  to  the 
rules  of  cause  and  effect,  and  justly,  though  perhaps  roughly, 
attributing  some  satisfactory  and  desirable  results  to  easily- 
managed  modes  of  procedure,  they  arrived  at  a  conclusion 
from  merely  practical  rule-of-thumb  working.  This  conclusion 
the  more  skifiul  brewers  of  our  own  time  have  been  enabled  to 
put  into  scientific  and  technical  language,  which  at  once 
enables  laws  to  be  framed,  so  far  as  existing  knowledge  will 
permit,  that  can  absolutely  point  to  those  practices  which  must 
be  avoided,  and  clearly  indicate  some  others  which  are  desirable. 

Careful  workers  know  that  a  wort  produced  from  thoroughly- 
dried  malt  is  pure  and  sound,  more  pleasant  to  the  palate,  and 
better  able  to  produce  a  stable,  fine-flavoured  ale  of  attractive 
appearance  than  any  malt  which  is  in  any  form  unsound. 
Hence  it  follows  that,  as  clearly-defined  effects  are  known  to 
proceed  from  easily-regulated  and  controllable  causes  of  simple 
and  practical  nature,  these  effects  and  causes  are  worthy  the 
careml  consideration  of  all  interested;   and  the  laws  ruling 

*  W.  FoBD,  Malting  and  Brewing,  1862,  p.  123. 


366  MALT  AND  HALTING. 

them,  if  viewed  from  the  point  of  perfect  malt-drjdng  only, 
are  reducible  to  the  three  nues  already  indicated  (pp.  361,  362). 

For  these  roles  to  be  properly  carried  out,  it  follows  also,  as 
a  matter  of  course,  that  the  construction  of  the  kiln  should  freely 
admit  of  it ;  if  not,  then  it  should  be  altered  or  rearranged.  Let 
the  full  force  and  meaning  of  these  rules  be  but  understood  and 
acted  upon,  and  many  maltsters  would  be  lifted  from  the 
sloughs  of  despond  into  which  they  now  frequently  fall,  and 
would  find  a  ready  market  for  their  malt. 

Herr  Carl  Cermak,  in  Der  Bohmische  Bierbrauer,  makes  the 
following  enthusiastic  statement : — 

*'  The  kiln-drying  of  malt  is  conceded  to  be  so  important  a 
"  process  in  the  brewing  industry  that  a  dogmatical  determina- 
''  tion  of  its  object,  and  of  the  laws  to  be  observed  during  the 
"  manipulation,  appears  very  desirable. 

*'  Taken  as  a  whole,  kiln-drying  is  undoubtedly  the  most 
"  important  factor  of  the  labours  devolving  upon  the  brewer, 
"  for  it  regulates  the  principles  of,  and  the  conditions  essential 
''  to,  brewing,  and  removes  impediments  that  would  render  the 
**  growth  and  prosperity  of  the  brewing  industry  impossible. 
"  Taking  into  consideration  the  development  of  the  orewing 
"  industry,  we  find  that  the  results  attained  within  the  last 
"  few  decades  are  principally  due  to  kiln-drying,  and  that  only 
"  since  a  thorough  and  correct  system  of  kiln-drying  was 
'*  adopted  has  a  proper  impulse  and  wholesome  stimulus  been 
**  imparted  to  the  industry.  The  requisite  keeping  ability  of 
**  the  malt  could  not  be  attained  without  kiln-drying,  and  con- 
"  sequently  the  industry  would  have  to  contend  with  almost 
"  insurmountable  obstacles.  Without  kiln-drying,  there  would, 
"  furthermore,  be  no  field  for  engaging  in  barley-speculations, 
''  and  producing  more  malt  than  actually  required  for  con- 
**  sumption.  Eiln-drying  imparts  to  the  beer  those  charac- 
"  teristic  quahties  which  have  made  it  so  universally  popular 
"  a  beverage ;  kiln-drying  it  is  that  enables  us  to  keep  our 
''  breweries  constantly  in  operation ;  it  is  kiln-drying  that 
"  renders  beer  durable  for  an  extended  period,  and  msuces  it 
"  capable  of  being  transported. 

*'  Summing  up  all  the  results  attained  in  the  modem  brew- 
"  ing  industry,  we  shall  arrive  at  the  irrefutable  conclusion, 
"  that  it  is  principally  the  rational  kiln-drying  of  malt  that  has 
"  made  beer  a  fashionable  beverage,  and  that  without  the  system 
"  adopted  the  rational  production  of  beer  would  be  entirely 
"  out  of  question.  A  long  time  elapsed  before  correct  opinions 
**  in  regard  to  kiln-drying  gained  ground ;  at  the  present  time 
"  its  task  and  object  diners  widely  from  that  of  tormer  days, 
"  and  it  is  impossible  that,  in  consequence  of  the  constant 
"  progress,  new  laws  should  be  determined,  upon  which  kiln- 
**  drying  of  the  future  will  be  based." 

No  hard  and  fast  rule  can  be  made  in  di^ng,  as  to  the 
actual  temperatures  to  be  employed,  the  duration  of  particular 
temperatures,  or  the  length  of  time  necessary  to  complete  the 
process  of  drying. 
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Apart  from  the  variations  in  kilns,  and  the  difference  in 
working  of  kilns  seemingly  alike  ;  apart  also  from  the  differences 
naturally  fonnd  in  the  varied  fuels  employed,  one  great  factor 
has  hitherto  been  too  little  considered  in  the  operation  of 
drying.  Air  has  all  the  work  to  do  in  a  kiln,  and  the  state  of 
the  atmosphere  must  naturally  exert  great  influence  upon  the 
quality  of  the  malt  produced,  the  duration  of  the  process  of 
drying,  and  the  consumption  of  fuel.  If  the  air  supplied  to  a 
kiln-floor  has  already  reached  the  limit  of  saturation,  as  during 
a  heavy  fog  or  protracted  rain,  then  it  follows  that  the  power 
of  the  air  to  dissipate  the  moisture  from  a  floor  of  green-malt 
is  ruled  by  the  difference  in  temperature  of  the  air  when 
heated  and  when  cold,  and  its  consequent  capacity  of  fbbsorp« 
tion  of  further  moisture.     (See  pp.  36 — 39.) 

In  Great  Britain  it  very  often  occurs  that  the  air  has  nearly 
reached  its  saturation-limit  at  normal  temperatures.  Such  air, 
necessarily,  cannot  properly  dry  malt.  To  this  fact  must  be 
attributed  the  otherwise  inexplicable  and  curious  phenomenon 
of  malt  after  having  been  maintained  for  many  hours  at  a  tem« 
perature  over  220°,  yet  retaining  2  to  4  per  cent,  of  moisture. 
It  is  fair  to  assume  that  much  malt  dried  upon  kilns  of  most 
erroneous  construction  has  nevertheless  never  attained  a  higher 
temperature  than  150°,  and  some  not  so  much. 

When  so  low  a  temperature  as  145°  in  kiln  is  never  exceeded, 
malt  may  be  very  pale,  and  appear  sound,  but  it  is  impossible 
for  it  to  keep  properly  itself  or  make  satisfactorily-keeping 
beer. 

The  following  are  the  temperatures  adopted  by  Herr  Cho- 
dounsky,  a  well-known  Bohemian  maltster.  At  the  time  of 
charging  the  kiln,  a  temperature  of  108°  Fahr.  should  be 
indicated  by  the  thermometer  hung  underneath  the  upper  floor 
of  the  kiln;  two  hours  afterwards  the  temperature  should 
be  111° ;  at  the  expiration  of  three  hours,  113° ;  and  at  four 
hours,  117° ;  after  five  hours,  122° ;  after  six  hours,  133° ;  after 
seven  hours,  144° ;  and  at  the  expiration  of  eight  hours  from 
156°  to  160°.  The  maltster  ought  not  to  allow  a  variation  of 
more  than  4°  from  the  above  temperatures.  The  temperature 
of  the  malt  on  the  upper  floor  is  thus  under  control,  and  ought 
to  acquire  the  following  temperatures  at  each  successive  hour — 
80°,  84°,  86°,  99°,  102°,  111°,  117°,  and  131°.  The  malt  should 
reach  the  lower  floor  of  the  kiln  at  129°,  and  pass  from  hour 
to  hour  to  the  following  temperatures  :  117°,  116°,  130°,  133°, 
147°,  171°,  178°.  The  malt  is  charged  so  that  the  thickness  of 
the  layer  of  grain  (24  square  feet  per  quarter)  is  a  little  over 
3  in.  at  first ;  after  four  hours,  about  2|  in. ;  and  after  eight 
hours  rather  less  than  2^  in.  On  descending  to  the  lower  floor 
of  the  kiln,  it  should  not  exceed  the  last-named  thickness,  and 
towards  the  middle  of  this  stage  the  thickness  should  be  reduced 
to  2  in.  I  and  at  the  end  of  the  kiln-drying  be  a  trifle  less. 

These  temperatures  and  thicknesses  of  grain  are  to  a  certain 
extent  correlated,  but  both  are  undesirable  for  malt  used  by 
the  infofiion-method  of  mashing. 
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Dr.  Graham*  says  of  the  German  process  of  drying : — 

"  In  the  German  process,  the  malt,  which  has  been  pre- 
"  viously  withered  and  air-dried  on  the  withering-floor,  is 
''  placed  on  the  upper  kiln-floor,  the  temperature  of  which  is 
"  about  100°  Fahr. ;  here  it  remains  for  some  hours,  until  the 
''  moisture  is  reduced  to  about  5  per  cent.,  when  it  is  let  down 
**  to  the  lower  floor,  which  is  heated  to  170°  Fahr.,  and  in  some 
''  cases  to  a  higher  temperature,  towards  the  end  especially, 
**  when  a  greater  yield  of  dextrine  is  desired." 

There  is  a  strong  opinion  that  malts  finished  off  at  very  high 
kiln-temperatures  produce  the  soundest  and  best-flavoured  beer, 
and  there  is  much  truth  in  this ;  at  the  same  time  it  must  not 
be  overlooked  that  excessive  temperatures  applied  during  the 
final  drying  stage  render  the  reproduction  of  yeast  during  fer- 
mentation somewhat  sluggish,  through  the  tendency  of  high 
temperatures  to  render  the  albuminoids  less  capable  of  acting 
as  yeast-food.  There  are  thus  two  extremes :  slack  malts  give 
in  many  instances  fiery  fermentations,  and  certain  unsoundness 
of  resulting  beer ;  while  overdried  malts  produce  sound,  well- 
flavoured  beer,  with  comparative  shortness  of  yeast-crop.  Now 
as  it  is  necessary  to  have  sufficient  yeast  reproduced  for  use, 
to 'avoid  constant  changes,  it  is  ^uite  as  well  not  to  overstep 
the  limit  of  heat  during  kiln-drying  which  is  consistent  with 
this  normal  reproduction.  This  is  of  course  influenced  by  the 
method  of  mashing  and  fermenting  adopted,  and  the  nature  of 
the  water  employed,  and  the  right  consideration  of  these  points 
at  once  draws  attention  to  the  desirability  of  the  brewer  having 
the  control  of  the  making  of  the  malt  he  uses. 

Thus,  in  some  positions,  it  is  at  present  unsafe  to  use  malt 
dried  at  temperatures  nominally  about  190°  (probably  230°), 
and  I  know  many  cases  where  the  malt  is  dried  at  temperatures 
exceeding  220°. 

The  character  of  the  yeast-plant  may  itself  produce  very 
marked  influences  also  upon  the  flavour  and  appearances  of  beer 
as  well  as  upon  the  vigour  of  its  own  reproduction.  I  venture  to 
think  that  when  the  wide  field  of  research,  which  this  subject 
opens  up,  is  more  fully  investigated,  it  will  be  found  that  the 
counter  and  prior  influences  of  the  constituents  of  the  wort» 
especially  so  far  as  they  are  influenced  upon  kilns,  will  be 
decided  to  be  the  greater,  and  ultimately  will  be  regarded  in 
the  light  of  cause,  yeast  taking  the  secondary  place  of  effect. 

My  first  rule  is — ^malt  should  be  loaded  at  a  proper  stage 
upon  a  floor  at  a  thickness  not  exceeding  seven  to  eight  inches. 
By  a  proper  stage  I  mean  solely  well-grown  and  properly- 
nourished  green- malt  fit  for  the  kiln  (see  p.  356).  My  reasons 
why  it  should  not  exceed  eight  inches  in  thickness  are  : — 

I.  With  any  less  depth,  the  moisture  can  be  removed 
fireely  and  rapidly,  with  no  injury  in  any  form  to  the 
drying  malt. 

II.  The  labour  of  turning  is  largely  saved. 

*  Db.  Grahaic,  Joum,  Soc.  Chem,  Ind,  1881. 
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m.  The  heat  of  the  whole  of  the  malt  can  be  maintained 
with  much  greater  regularity  than  is  possible  with 
a  greater  depth. 

lY.  With  moisture  present  in  green-malt»  the  starchy,  sac- 
charine, and  albnminons  bodies  are  much  more  easily 
broken  np  than  when  dry ;  hence,  more  decomposi- 
tion is  produced  with  a  low  moist  temperature,  and 
the  conditions  are  very  favourable  for  the  production 
of  acid. 

The  varieties  of  acid  produced  in  malt  are  very  numerous. 
Naturally,  they  vary  considerably  in  amount,  many  of  them  ^ 
being  present  only  in  minute  quantities.      Still,  the  subtle  * 
influence  upon  flavour  of  minute  quantities  of  ill-defined  and 
strangely-named  compounds  is  truly  marvellous. 

Doubtless,  as  our  knowledge  becomes  more  exact,  and  our 
scientific  training  more  thorough,  permitting  more  accurate 
estimation  of  the  deeply-hidden  (so-called)  secrets  of  nature, 
many  of  the  things  that  now  puzzle  and  perplex  or  baffle  us,  will 
be  found  really  very  simple,  and  cause  and  effect  will  be  as 
easily  traced  as  in  the  myriad  other  dealings  of  man  with 
nature  where  our  predecessors  have  been  harassed. 

A  large  number  of  German  chemists,  and  some  in  our  own 
country,  have  given  the  subject  of  organic  acids  in  malt  and 
worts  considerable  attention. 

Lermer*  mentions  the  existence  in  malt-combes  (rootlets)  of 
the  following  acids :  acetic,  asparagic,  citric,  formic,  lactic, 
malic,  oxalic,  propionic,  succinic,  tannic,  and  a  fatty  a.cid. 

In  addition  to  the  acids,  he  also  determined  the  presence  of 
asparagin,  cholesterin,  gum,  resin,  sugar,  and  wax.  (See 
pp.  175, 176.) 

Dr.  Graham t  states  ''that  in  the  presence  of  moisture, 
"  starchy  bodies  and  saccharine  bodies,  and  also  the  albumin- 
"  ous,  are  much  more  easily  broken  up  than  when  moisture 
"  is  not  present.  In  other  words,  if  they  be  dry,  a  higher 
"  temperature  is  required  to  produce  as  much  decomposition  as 
"  is  produced  by  a  low  temperature  when  moisture  is  present. 

''  Now,  too  sudden  heat  produces  what  is  called  a  hardening 
"  or  vitrefaction  of  the  stardiy  or  dextrine  matter ;  on  the 
"  other  hand,  a  too  low  heat  does  not  give  some  of  the  advan- 
"  tages  of  the  kiln-drying  process,  because  it  leaves  the  kiln 
''  with  moisture,  and  still  very  liable  to  absorb  more,  and  con- 
"  taining  a  larger  quantity  of  the  destructive  albuminous  con- 
*'  stituents,  and  less  of  the  empyreumatic  bodies.  So  that  this 
"  question  of  kiln-drpng  is  excessively  important. 

"  This,  of  course,  is  a  matter  of  great  importance,  because  it 
"  not  only  fulfils  the  conditions  wUch  the  consumer  requires, 
*'  but  by  the  advantages  which  the  high  colour  presents,  it, 
''  like  charity,  covers  a  multitude  of  sins.  It  is  much  more 
**  easy  to  work  with  a  high-dried  malt  than  with  a  very  low- 

•  LxBXBB,  Pol^t.  Journ.  bd.  dxxix.  pp.  71—80  [1866]. 
t  Gbabaic,  Cantor  Leotures,  Journ.  Soe,  Arts,  1874. 

A  A  2 


370  MALT  AND  MALTING. 

"  dried  malt.  As  regards  the  thickness  of  the  floor,  it  seems  to 
**  me,  from  what  I  have  seen,  that  the  usual  thickness  in  Eng- 
''  land  is  far  too  great.  I  have  seen  it  twelve  and  eighteen 
"  inches  thick,  and  sometimes  even  thicker  still — ^thick  and  wet. 

''  Now  so  long  as  you  keep  barley  in  a  very  moist  condition 
"  at  a  high  temperature  (and  80°,  90°,  and  100°  Fahr.  are  high 
"  temperatures)  so  long  do  you  keep  up  the  conditions  neces- 
"  sary  for  the  production  of  acid ;  and  1  never  yet  examined  a 
**  sample  of  malt  dried  in  that  way  that  did  not  contain  much 
"  acid." 

Further  patient  and  carefal  investigation  of  this  subject  is 
^eatly  needed.  These  facts  may,  however,  be  accepted  as 
certain,  viz.,  that  some  of  these  acids  are  present  in  malt,  and 
are  carried  through  into  the  wort  produced.  When  found  in 
wort,  even  if  only  in  most  minute  quantities,  they  can  exert 
influences  over  flavour,  condition,  etc.,  of  the  finished  product, 
apparently  out  of  all  proportion  to  the  amount  present. 

That  these  acids  can  be  largely  influenced  oy  each  of  the 
processes  of  malting  may  be  taken  for  granted,  but  few  con- 
ditions can  be  more  easiljr  conceived  to  produce  or  stimulate 
them  than  loading  a  kiln  with  from  twelve  to  eighteen  or  more 
inches  of  green  com  and  applying  gentle  heat.  Ordinarily  such 
a  depth  oi  com  has  to  be  turned  somewhat  frequentlv. 

In  this  one  place  alone  we  may  confidently  look  for  a  large 
factor  in  the  want  of  uniformity  m  malt  wort.  Irregularities 
in  fermentation  and  beer  cannot  by  any  possibility  be  avoided 
when  made  from  such  malt. 

Eeverting  to  the  subject  of  the  old  fallacy  of  the  paramount 
importance  of  fermentation  in  brewing,  the  presence  of  lactic 
acid  is  unfortunately  not  inimical  to  healthful  appearances  of 
yeast  and  fermenting  wort.  Some  authorities  hold  that  lactic 
acid  is  beneficial  in  malt.  Dr.  Bersch  says  that  a  difference 
of  *001  per  cent,  in  the  amount  of  propionic  acid  in  a  wort 
would  occasion  a  slower  rate  of  attenuation,  and  ^minish  the 
crop  of  yea43t. 

if  an  appreciable  percentage  more  or  less  of  lactic  acid  made 
as  marked  a  difference,  we  should  not  find  many  kilns  loaded 
so  deeply  as  the  majority  now  are. 

It  is  obvious  that  the  thinner  the  layer  of  drying  malt  is  in  a 
kiln,  the  greater  must  be  the  rapidity  of  its  diying  (other  con- 
ditions being  equal). 

Were  drying  anything  other  than  a  cooking  process,  the  more 
rapidly  it  could  be  accompUshed  the  better  its  effect.  This  I 
know  from  practice  to  be  distinctljr  wrong.  The  application  of 
certain  temperatures  for  given  periods  of  time,  with  and  with- 
out  certain  percentages  of  moisture  present  in  the  grain,  exert 
distinct  and  easily  recognisable  influences.  It  is  also  equally 
certain  that  the  assumption  is  just,  that  the  other  influences 
exerted,  of  which  I  have  at  present  too  little  knowledge  to  be  able 
accurately  to  estimate,  or  even  to  identify  or  recognise  them, 
are  nevertheless  important  factors  in  the  production  of  a  malt 
that  is  the  best  possible  to  be  obtained  from  the  barley  used. 
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Green-malt,  containiDg  too  much  moisture  when  loaded 
upon  kiln,  must  necessanly  become  vitreous  and  steely,  unless 
exceedingly  great  care  is  taken  to  regulate  temperatures  and 
air-supply  for  the  first  two  days'  drying. 

Secondly,  malt  should  remain  unturmed  at  a  low  temperature 
until  nearly  all  moisture  be  removed. 

The  reasons  already  given,  attempting  to  show  the  evils  of 
moisture  with  improper  heats  and  acid  reactions,  are  all  inten- 
sified when  the  question  of  turning  is  considered.  No  maltster 
of  average  intelligence  should  require  to  have  pointed  out  to  him 
the  numerous  evils  resulting  from  turning  hot  dry  malt  from  the 
kiln-wire  or  tiles  and  placing  it  upon  a  layer  of  reeking,  sodden 
grain,  freely  giving  out  its  moisture.  This,  of  course,  is  ab- 
sorbed with  avidity  by  the  dried  malt  until  in  turn  it  also 
becomes  wet.  Few  tnings  absorb  moisture  more  freely  than 
warm,  dry  malt,  and  a>ccordingly  when  placed  in  a  heavy, 
vapourous  atmosphere,  it  speedily  gets  wet.  In  many  places 
this  turning  is  effected  as  many  as  twelve  or  fifteen  times,  and 
the  result  is  a  malt  of  bad  flavour,  and  high  percentage  of  acid, 
for  it  has  been  dried  and  wetted  an  equal  number  of 
times.  It  is,  in  addition,  hard  and  steely,  so  that  if  broken  it 
presents  a  vitrefied  appearance,  and  must  be  of  a  generally 
unsatisfactory  character. 

If,  on  the  other  hand,  drying  malt  remains  unturned,  until 
90  to  95  per  cent,  of  its  moisture  is  driven  off,  then  the  malt  is 
of  superior  flavour  and  very  tender,  with  little  trace  of  acid, 
and  the  wort  produced  by  it  is  regular  and  more  easily  fer- 
mented, presenting  littie  or  no  different  result  if  tested  for 
acidity  by  the  cold-  or  warm-infusion-test.     (See  p.  157.) 

This  has  now  been  conclusively  proved  in  many  malt-hou&es 
where  my  system  has  been  adopted,  for  the  majority  of  the 
maltsters  so  working  find  it  enturely  unnecessary  (as  well  as 
undesirable)  to  turn  on  the  upper  floor. 

All  that  is  needed  is  an  occasional  loosening  of  the  top  crust 
with  a  fork  or  plough. 

Professor  Graham,  in  his  very  able  Cantor  Lectures,  delivered 
before  the  Society  of  Arts,  1874,  pointed  out  the  German  arrange- 
ment of  double  floors  in  kilns,  and  the  great  advantages  to  be 
derived  from  their  adoption,  if  only  the  emp]areumatic  pro- 
perties of  the  malt  could  be  retained,  in  the  following  remark- 
able words : — "  Not  only  do  I  consider  the  thickness  of  12  to  18 
''  inches  too  great,  but  I  even  consider  (and  there  I  am  not  so 
"  confident,  because  it  is  an  engineering  question)  one  kiln- 
''  floor  to  be  bad.  In  the  first  place,  I  consider  it  to  be  bad, 
"  because  your  malt  must  be  thicker,  and  because  it  is  more 
''  difficult  to  regulate  the  heat  than  when  you  have  two,  and 
''  also  because  it  is  more  difficult  to  get  rid  of  the  moisture ; 
''  then,  lastly,  because  more  time  is  required,  and  instead  of 
"  the  process  being  finished  in  a  few  hours,  it  takes  some  three 
"  or  four  days,  sometimes  even  more. 

''  The  advantages  which  two  floors  present  are  evident.  In 
"  the  first  place,  it  enables  you  to  have  your  malt  thinner,  it 
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enables  yon  to  regulate  your  temperature  better,  and  to 
regulate  it  in  two  distinct  stages  by  having  a  lower  tempera- 
ture in  the  higher  floor  and  a  higher  temperature  in  the 
lower  one.  You  may  say,  Oh,  we  get  rid  pf  this  difficulty 
with  reference  to  the  thickness  and  the  moisture  by  repeated  j 

turning.  I  say,  you  do  not  The  more  you  turn  the  malt, 
the  more  you  shut  in  the  moisture,  because  it  is  the  upper  j 

layers  that  get  wet,  and  after  the  lower  ones  get  a  little  dry  j 

you  turn  up  the  layer  which  is  dry,  and  so  the  dry  malt  gets 
wet  again,  and  this  has  to  go  on  for  several  days. 
*'  All  the  time  the  wet  malt  is  on  the  kiln  at  a  low  tempera- 
ture putrefactive  action  is  §oing  on,  due  to  the  solution  and 
the  oxidation  of  the  albummous  matter. 
'*  If  you  have  wet  malt  and  very  thick  (12  to  18  inches),  you 
must  have  a  long  time,  and  hence  there  must  be  a  greater 
amount  and  continuance  of  this  putrefactive  action  set  up." 
The  sagacity  of  the  learned  Professor's  reasoning  has  been 
proved  now  in  many  scores  of  malt-houses  built  or  altered  by 
me  to  what  some  gentlemen  have  the  courtesy  to  call  the 
Stopes'  system.     This  has  also  been  largely  imitated  by  others, 
much  to  my  satisfaction. 

So  far  as  I  can  yet  learn,  I  was  the  first  practically  to  adapt 
this  system  to  the  requirements  of  English  maltsters,  and  with 
perfect  success,  as  the  malt  made  in  kilns  of  my  construction 
with  two  floors  is  superior  in  many  ways  to  that  previously 
made  in  the  same  houses. 

It  is  singular  that  this  suggestion  was  made  so  long  ago,  and 
although  kilns  with  two  floors  were  erected  in  Great  Britain 
long  prior,  for  diving  peas  and  ungerminated  grain,  yet  the  use 
of  such  kilns  for  malt  was  never  practiccdly  effected,  not- 
withstanding the  suggestive  patent  of  Stead  in  1842. 

The  kiln  in  which  malt  was  first  succesfully  dried  upon  a 
double  floor  in  Great  Britain  belongs  to  Colonel  Tamplin, 
Brighton,  and  the  untiring  courtesy  with  which  both  he  and 
Mr.  Tasker  have  shown  it  to  hundreds  of  maltsters  is  gratefully 
acknowledged  by  me. 

The  plan  of  two  or  more  drying-floors  has  long  been  known 
on  the  Continent ;  and  I  have  been  in  large  numbers  of  the 
kilns  while  at  work  in  many  countries. 

None  of  these,  however,  prior  to  1882,  worked  properly,  so 
as  to  enable  the  products  of  combustion  to  come  into  direct 
contact  with  the  still  sodden  but  drying  mdt.  Since  1882, 
I  have  constructed  several  kilns  abroad. 

The  mode  of  working  I  adopt  is  a  combination  of  the  best 
features  of  the  very  many  I  have  seen  in  the  majority  of  the 
countries  in  Europe.  It  enables  a  greater  quantity  of  malt  to 
be  made  than  formerly,  and  at  less  cost,  the  only  restriction  to 
the  quantity  made  being  the  capacity  of  the  growing-floors, 
and  not  of  the  kilns,  as  is  now  too  frequently  tne  case.  The 
best  plan  when  adopting  this  system  to  an  existing  malt-house, 
is  at  once  to  diminish  the  quantity  of  the  barley  steeped  by 
from  80  to  60  per  cent.,  and  to  wet  with  double  the  frequency, 
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f.6.,  instead  of  wetting,  say,  eighty  quarters  every  four  days,  or 
three  times  a  fortnight,  to  steep  fifty  quarters  every  two  or  two  and 
a-half  days,  if  the  growing-floors  will  fairly  carry  it.   (See  p.  186.) 

Although  wetting  with  such  frequency,  it  is  nevertheless 
easily  possible  to  retain  the  com  on  the  kiln  the  full  time  of 
four  or  even  five  days,  if  desired.  The  whole  piece,  when 
ready,  is  raised  at  once  to  the  upper  floor  of  the  Kiln.  There 
it  forms  a  layer  of  four  to  six  mches  in  depth,  and,  without 
turning^  lies  until  nearly  all  the  moisture  has  passed  off. 
Commonly  it  is  desirable  to  plough,  or  fork-over  two  or  three 
times.  Then  it  can  easily  drop  through  doors  or  holes  to  the 
lower  floor,  which  of  course  is  a  very  effectual  turn,  but  as  it  is 
by  that  time  hand-dried,  little  or  no  harm  is  done  to  the  malt. 
The  space  then  becomes  available  for  another  piece,  or  it  can 
sweat  a  load  of  barley,  if  the  following  floor  of  green-malt  is 
not  fit.  When  practicable,  it  is  preferable  to  keep  on  the  top 
load  of  malt,  and  sweat  on  bottom  floor.  The  partly-dried 
com  is  then  kiln-dried  at  a  temperature  of  from  180°  to  190°, 
or  more,  and  the  same  heat  and  air  that  effect  this  are  the  very 
best  possible  to  dissipate  the  moisture  from  the  upper  floor. 
Hence,  the  com  may  remain  two  days  on  upper  floor,  and  two 
on  bottom  if  desired,  and  it  can  be  dried  with  no  turning  in 
any  form  during  such  time,  with  the  exception  of  the  ploughing 
or  forking  already  mentioned. 

Some  other  writers  have  hinted  at  the  impropriety  of  turning 
malt  when  still  moist.  Thus  Black*  says  "  There  is  a  pre- 
"  vailing  error  that  malt  should  be  frequently  turned  on  the 
'<  kiln  during  the  process  of  drying.  A  little  consideration, 
"  however,  will  show  the  inaccuracy  of  this  opinion.  It  has 
"  already  been  stated  when  the  proper  currents  of  heated  air 
"  are  introduced  in  drying,  no  colouring  of  the  malt  need  be 
''  apprehended.  If  the  kilns  be  properly  constructed,  turning 
"  is  not  only  unnecessary,  but  injurious,  until  the  malt  be 
"  nearly  ready  for  removal  from  the  kiln,  when  several  turns, 
"  with  a  brisk  fire,  may  be  necessary  to  render  the  dryness  of 
"  the  malt  uniform  ;  by  which  also  the  malt  will  be  rendered 
•*  uniformly  mellow." 

Ford  saysf,  "In  diying^a^  malt  the  less  it  is  turned  the 
"  better.  If  the  kiln  be  well  constructed,  with  a  good  draught, 
"  it  should  not  require  turning  more  than  twice." 

Steiner  says^  "Malt  while  yet  damp  should  merely  be 
"  loosened,  and  not  turned,  to  prevent  gelatinization  and 
"  steeliness." 

There  can  be  but  little  objection  to  turning,  if  it  ii^  almost 
continuously  done,  say  by  running  at  very  frequent  intervals  a 
Perry's  or  Schlemmer's  turner.  This  always  adds  to  the  cost 
of  making,  and  very  considerably  so,  in  places  where  power  is 
obtained  from  steam  or  gas.  It  also  allows  the  continuance  of 
the  existing  waste  of  fuel,  for  in  every  cajse  where  a  double 

*  W.  Bl^ce,  a  Practical  Treatise  on  Brewing,  pp.  21,  22. 

t  Malting  and  Brewing  (1862),  p.  122. 

I  I.  8IBZHBB,  The  Principles  of  Malting,  Brncert'  Journal^  1883,  pp.  86—91. 
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floor  is  used,  it  is  obvious  that  the  saving  of  fdel  is  necessarily 
considerable. 

A  second  floor,  properly  working  in  a  kiln,  entirely  obviates 
the  necessity  for  tommg  the  malt  drying  or  finishing  upon  the 
bottom  floor.  The  only  benefit  to  be  derived  from  taming  at 
this  stage,  so  far  as  I  can  learn,  is  to  regulate  temperatmres, 
and  ensure  as  much  uniformity  as  possible  for  the  malt.  In 
an  ordinary  single-floor  kiln  this  is  doubtless  a  very  necessary 
process,  as  it  is  obvious  that  the  top  surface  of  a  layer  of  malt, 
radiating  its  heat  freely  into  the  comparatively  cool  space  of 
the  top  of  the  kiln,  and  assisted  by  the  ascending  column  of 
air,  must  necessarily  be  colder  than  the  bottom  surfiGU^  of  the 
same  layer  which  is  resting  on  the  hot  wire  or  tiles,  and  is  in 
immediate  contact  with  the  whole  of  the  heat  given  off  by  the 
fire  below. 

That  this  point  has  failed  to  attract  serious  and  earnest 
attention,  puzzles  me  greatly.  So  far  as  I  can  learn,  however, 
no  one  has  paid  any  regard  to  it  but  Mr.  Abbot,  of  Burton,  and  I 
have  not  yet  encountered  any  publication  whatever  upon  the 
point,  excepting  those  for  which  I  am  responsible. 

This,  perhapsi  is  not  to  be  much  wondered  at,  as  only  ten 
years  ago  a  man  of  such  experience  as  Dr.  Graham  pubUcly 
stated,*  ''  I  do  not  remember  ever  having  seen  a  thermometer 
"  in  a  malt-kiln,"  and  I  can  confirm  this  even  now,  notwith- 
standing all  the  controversy  I  stirred  up  upon  the  subject, 
for  I  find  large  numbers  of  maltsters  who  never  use  a  ther- 
mometer in  the  kiln,  and  I  can  still  say  I  have  never  seen  a 
thermometer  in  a  steeping-cistem,  or  encountered  a  maltster 
who  systematically  uses  one  to  record  the  heat  of  steeping- 
liquor,  excepting  a  few  whom  I  have  induced  to  adopt  the  plan. 

If  less  time  be  taken  upon  the  lower  floor — and  thirty  to 
thirty-six  hours  are  usually  enough  for  much  malt — a  further 
advantage  is  to  be  derived  in  having  a  kiln  at  liberty  quite  long 
enough  to  dry  or  sweat  any  barley  which  may  be  improved  by 
it.  Maltsters  would  often  do  this,  if  they  had  kiln-room,  but 
not  having  it,  they  steep  the  barley  just  as  it  is  received,  often 
against  their  judgment,  and  at  ^eat  loss.  With  the  double 
floor  abundance  of  drying-room  is  providedi  and  the  heat  is 
suppUed  at  no  cost  whatever,  as  it  is  drying  the  upper  or  lower 
floor,  and,  if  not  utilized  in  this  manner,  would  simply  pass 
away  into  the  air  in  the  wasteful  manner  now  so  customary.! 

Thirdly.  ''  Heat  must  then  be  applied  freely,  and  maintained 
''for  a  considerable  time  at  a  nearly  uniform  height,  ranging 
"  from  160^  to  230°." 

*  Cantor  Leotnres,  Joum,  Soe.  Arts,  1874. 

t  Mr.  Sonthbj,  writing  to  the  Countrff  Brewer$*  Gazette,  1884,  nji:— '' Aere  is 
«  no  doubt  pfreat  room  for  improyement  in  the  old-faahioned  kLlna  found  at  many 
«  nudtinga  m  thia  country,  and  it  ia  certainly  the  height  of  foUj  to  continue  to 
*'  apoil  nudt  on  theae  badlj-oonatruoted  kilna.  But  the  remedy  uea  in  making  a 
«  ammle  kiln  with  a  aingle  floor,  graying  ample  kiln-space,  ao  that  the  nudt  need  not 
**  be  laid  on  too  thick,  ud  increasing  the  cmiught  by  raising  the  hnght  between 
<'  the  fire  and  the  kiln-plate,  enclosing  the  fire,  and  conducting  the  air  upwaida  in 
"  such  a  manner  that  the  hot  air  may  be  mixed  with  eztooial  odld  air  to  any 
'*  extent  that  may  be  required,  without  damping  the  fires." 
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This,  I  am  glad  to  know,  is  becoming  a  generally  recognised 
necessity  in  making  good  malt.  I  have  already  taken  the 
subject  np  at  some  length,  but  the  confusion  of  ideas  and 
positive  ignorance  upon  the  point  is  well  exemplified  in  the 
table  of  malting  temperatures,  p.  389. 

When  malt  contains  any  considerable  proportion  of  moisture, 
exceeding,  say,  12-15  per  cent.,  it  should  on  no  account  exceed 
a  heat  of  120°.  When,  however,  it  is  dropped  from  the  upper  to 
the  lower  floor,  it  is  so  nearly  dry  that  a  greater  heat  can  be 
imparted  with  benefit.  This  is  best  done  gradually.  No 
definite  rule  can  be  given  as  to  the  final  limit,  as  that  is  ruled 
by  a  variety  of  circumstances.  Some  malts  intended  for 
particular  purposes,  drying  upon  certain  (usually  old)  kilns, 
cannot,  without  damage,  stand  a  heat  of  170°,  or  even  less. 

Other  kilns,  drying  malt  for  other  purposes,  or  for  use  in 

g articular  breweries,  are  capable  of  maintaining  a  finishing 
eat  of  230°  with  immense  advantage. 

A  safe  general  rule  is  to  be  found  in  the  medium  of  180°  to 
185°,  provided  the  whole  of  the  malt  be  really  at  this  temperature. 

The  great  point  is  the  maintenance  of  a  perfectly  uniform 
temperature,  i.e.,  the  whole  of  the  malt  drying  must  be  of  the 
same  degree  of  heat. 

Single-floor  kilns  of  the  ordinary  type,  especially  when 
thickly  laden,  must  necessarily  vary  considerably  in  tempera- 
ture. Take  a  floor  with,  say,  nine  inches  of  hot,  dry  malt 
upon  it.  The  lower  two  inches,  next  the  wire  or  tiles,  are  too 
hot ;  the  central  six  inches  are  of  about  the  right  temperature ; 
the  top  layer  permits  the  heat  to  radiate  freely,  and  is  as  a 
consequence  too  cool,  frequently  to  the  extent  of  70 — 80°. 

Frequent  turning  of  a  floor  of  this  character  is  a  necessity. 
At  best  it  is  a  bad  process,  and  is  a  great  loss  of  energy 
and  time. 

Few  maltsters  know  the  actual  temperatures  of  malt  when 
drying.  It  is  true  that  recently  some  use  thermometers  for 
the  purpose  of  ascertaining,  but  the  heat  is  rarely  taken 
accurately. 

As  a  consequence,  few  are  aware  of  the  wide  differences  to 
be  found  in  a  succession  of  dryings,  or  even  in  a  single  floor. 

I  have  experimented  upon  this  subject,  and  have  found  the 
result  of  such  tests  as  I  have  made  sufficiently  astonishing. 

As  illustrations,  I  will  give  the  records  in  tbe  dual  form  that 
I  adopt  for  registry,  of  one  particular  kiln  and  other  kilns  in 
Norfolk  and  Burton. 

The  first  kiln  has  the  reputation  of  being  a  very  good  one. 
It  is  constructed  on  "  Free's  "  principle  (Mr.  Free  having  been 
paid  his  royalty  upon  its  construction),  and  when  tested  was 
nearly  new.  It  would  be  difficult  to  find  any  single-floor  kiln 
giving  better  results,  or  so  good.  The  proportions  and  areas  of 
this  Mln  are  not  such  as  I  can  fullv  recommend,  and  I  rejoice 
to  see  that  Mr.  Free  advocates  the  use  of  a  second  floor,  for 
the  benefit  to  all  users  of  his  kilns  must  necessarily  be  very 
considerable. 
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My  second  illustration  is  from  a  malting  situated  at  Wells, 
Norwlk.     This  was  publicly  put  forth  as  a  perfect  kiln,  giving 

food  results — ^better,  mdeed,  than  any  kiln  ot  my  construction — 
ut  it  was  tested  by  me  December  14th,  1883,  and  gave  the 
succeeding  interesting  results. 

Scant  examination  of  the  following  facts  and  diagram  show 
incontestably  that,  with  the  most  carefol  management,  properly- 
dried  malt  is  in  this  or  any  similar  kiln  an  impossibility.  Such 
results  as  I  found  in  it  could  under  no  circumstances  be 
attained  at  any  kiln  over  which  I  have  control. 

This  is  a  malting  steeping  105  qrs.  every  four  days,  and  has 
a  kiln  75'  X  36'  ;  an  average  drying-area  of  under  26  ft. 
per  qr.  The  consequent  depth  of  green  malt  when  loaded  is 
'over  10  ins.  The  total  area  of  air-inlets  is  less  than  27  ft. 
super.  The  air-outlet  exceeds  117  ft.,  a  ratio  of  13  to  3*.  The 
capacity  of  head  room  equals  44,550  cubic  feet.  The  area  of 
each  tile  is  114  in.  with  546  holes,  giving  an  effective  area  for 
air  of  some  32  in.  The  ratio  of  non-effective  metallic  surface  to 
air-space  is  thus  9  to  2.  The  most  palpable  defect  of  the  malt 
is  probably  attributable  to  these  tiles. 

A  fine  drizzling  rain,  accompanied  by  a  very  gusty  wind  from 
the  N.E.,  made  the  hygroscopic  condition  of  the  air  so  bad 
that  I  did  not  waste  any  time  testing  it.  Bearing  in  mind  the 
conditions  I  have  already  indicated,  I  was  not  surprised  to  find 
the  Casella  anemometer  give  no  indications  at  several  points,  and 
it  indicated  fluctuating  up-  and  down-draughts  at  many  others, 
especially  at  two  comers  and  along  the  centre.  The  strongest 
upward  draught  pulsated  with  the  gusts  of  wind,  and  ranged 
from  30  to  54  ft.  per  minute,  a  down-draught  of  equal  intensity 
occurring  at  intervals  at  the  same  spot,  notwithstanding  the 
£B.ct  that  the  air  was  constantly  rushing  in  at  the  restricted 
inlets  below  the  floor,  at  the  high  velocity  of  785  ft.  per  minute. 

The  temperatures  of  the  drying  malt  and  superimposed  air 
consequent  upon  the  conditions  thus  indicated,  were  naturally 
as  follows  (see  Fig.  144) : — 

At  A^  the  supposed  coldest  place. 


Heat  of  malt  next  tiles       

174° 

„            „    2  inches  above  tiles 

143° 

,,                 ,,      4         ,,                 ,, 

135° 

,,            ,,    on  surface 

104° 

The  heat  of  the  air  3  feet  above  tiles 

84° 

»                     f>    0                     ,, 

82° 

AtB,  the  supposed  hottest  place. 

Heat  of  malt  touching  tiles 

216° 

„            „    1  inch  above  tiles     

167° 

,,                ,,      «5      ,,                ,, 

154° 

>i                 >>      ^      a                >> 

152° 

II                 »i      ^      II                 II 

142° 

„            „    on  surface                 

112° 

*  A  oomparatively  new  kiln  at  Luton,  altered  under  my  direction,  liad  the  ratio 
of  outlet  to  inlet  nine  to  one,  and  it  did  not  work  reiy  nioiely ! ! 
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Tbe  diagram,  Fig.  144,  shows  the  temperature  at  24  points 
close  to  the  tiles,  taken  with  twelve  registered  and  accurate 
thermometers  in  the  space  of  fifteen  minutes. 
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Fio.  144.— Diagram  showing  Tbmpibatusbs  op  Malt  upon  thi  Dbtcvg -floor 

OP   105-QrARTBR6  KiLN  AT  WbLLB,  NORFOLK. 

A,  sappofled  coldest  point.  B,  supposed  hottest  point. 

The  significance  of  these  facts  is  at  sight  apparent  to  those 
who  understand  the  subject.  They  conclusiyely  confirm  the 
opinions  I  so  frequently  express,  and  which  I  have  formed 
after  careful  examination  of  the  structure  and  working  of 
many  similar  kilns. 

I  can  only  repeat  a  phrase  frequently  used  by  me  that  I  have 
yet  to  see  any  single-floor  kiln  drjring  malt  properly.  I  know 
it  to  be  an  impossibility,  and  will  prove  it  at  any  kiln  whatever 
in  Great  Britain. 

The  third  case  I  will  mention  is  a  nearly  new  malting  at 
Burton.  This  is  a  splendid  house,  and  is  supposed  to  be  an 
extremely  good  one.  The  proprietor  laughed  to  scorn  my 
statement  that  his  heats  varied  greatly,  but  on  testing  a  floor 
with  a  proper  set  of  thermometers  I  found  that  when  drying, 
as  he  imagined,  at  190^,  in  one  place  next  the  tiles  the  heat 
was  237^,  and  at  another,  under  the  outlet  on  the  surface,  it  was 
162^.  Thus  a  portion  of  this  malt  was  75^  colder  than  another 
portion  of  the  same  floor. 

These  tables  show  that  greater  differences  of  temperature 
in  the  malt  on  drying-floors  exist  than  are  usually  suspected.  All 
are  taken  from  ordinary  workings,  and  equally  astonishing  results 
would  be  furnished  by  nearly  every  single-floor  kiln  now  in  use. 

Fig.  145  shows  the  true  heats  at  every  part  of  a  floor  of  malt 
drying  at  Poole,  November  3rd,  1883.  These  are  the  actual 
heats  of  every  part  of  the  kiln  at  both  bottom  and  top  surfaces 
of  the  under-floor. 

The  second  floor  in  a  kiln  affords  another  distinct  advantage 
at  this  point.  The  upper  floor,  with  its  charge  of  com,  causes 
an  idmost  perfectly  uniform  temperature  to  be  maintained  in 
the  bottom  floor  when  ''  kilning-off,*'  so  long  as  the  fire  is  duly 
regulated.    It  causes  the  room  between  the  two  to  be,  in  te^t. 
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a  distribatiDg-chamber,  and  the  difference  in  temperature  of 
any  part  of  the  upper  or  lower  floors  is  hardly  appreciable  as  a 
direct  consequence.  Turning  is  therefore  cJmost  needless. 
The  average  temperature  may  be  greater,  and  yet  the  heat 
applied  may  be  less ;  for  we  have  the  heat  below  the  floor 
reduced  in  a  direct  ratio  to  its  increase  in  the  space  between 
the  two  floors. 

Numerous  other  advantages  are  evident.  The  most  im* 
portant  are : — 

The  saving  of  fuel. 

The  quality  of  the  malt  made  is  considerably  improved. 

A  greater  percentage  of  the  extractive  matter  of  the  barley 
is  obtainable  by  the  brewer  or  other  user  of  the  malt. 

The  percentage  of  acidity  is  much  reduced. 

The  stability  of  the  beer  is  increased. 

The  total  labour  is  reduced. 

The  capacity  of  many  existing  houses  is  greatly  increased. 


Fio.  146.— DiAOBAM  BHOWiNO  Tbmpb&atubbb  OP  Malt  upon  thi  Drtino-Floor 
OP  35-QrABTBR8.KiLN,  PooLB,  D0&6BT,  3rd  Notbmbbb,  1883.    Stopbs'  Stbtbm. 

These,  with  numerous  other  advantages,  must  eventually  be 
recognised,  and  cause  my  system  to  be  largely  adopted. 

The  uniformity  of  temperature  and  its  control  ought  not  to 
depend  upon  the  care  of  the  maltster  or  fire-man,  no  matter 
how  attentive  he  may  apparently  be. 

Surely  mechanical  contrivances  are  in  this  instance  much  to 
be  preferred  to  the  most  skilful  and  reliable  human  (and  there- 
fore fallible)  attendance. 

Several  arrangements  intended  to  effect  this  are  successfully 
working. 

The  electric  thermometer,  placed  in  the  air-chamber  of  the 
kiln,  is  useful.  A  thermometer  having  a  thin  platinum  wire 
inserted  in  the  tube  is  fixed  in  any  position  below  the  floor.  A 
battery  of  two  cells  is  placed  in  any  out-of-the-way  comer, 
bells  are  fixed  in  the  malting  or  office,  or  wherever  the  warning 
is  desired  to  be  given.  A  very  slight  amount  of  practice  will 
speedily  detemiine  the  temperature  needed  to  give  any  required 
heat  upon  the  floor.    The  wire  is  set  at,  say,  1^  or  2^  above 
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this  point.  When  the  heat  exceeds  the  required  standard 
by  1°  or  2°,  the  mercury  touches  the  wire,  and  instantly  the 
circle  is  complete.  The  electric  current  traverses  it  and  sets 
all  the  bells  ringing,  until  attention  by  the  maltster  to  the 
fire  lowers  the  mercury,  and  the  bells  ceajse.  The  same 
arrangement  will  also  indicate  any  required  minimum  tempe- 
rature and  so  prevent  undue  cooling  down. 

Another  exceedingly  good  contrivance  is  King's  auto- 
matic heat-regulator,  as  this  practically  attends  to  the  fire 
itself  during  the  night,  and  will  regulate  the  heat  with  great 
accuracy,  without  attention  in  any  form.  It  ha43  the  con- 
trol of  a  damper  working  by  the  displacement  of  mercury 
by  heat,  in  a  wheel  of  large  diameter.     (See  p.  291.) 

Some  maltsters  still  adhere  to  the  practice  of  heaping  the 
dried  malt,  when  finished,  on  the  kiln-floor  for  some  seven  or 
eight  hours  before  the  completion  of  drying,  and  letting  the 
malt  remain  so  heaped  for  twenty  minutes  or  half  an  hour. 
On  the  completion  of  the  drying  process,  provided  the  malt  is 
not  overheated  or  coloured  too  much,  it  is  allowed  to  rest 
on  the  kiln,  the  fire  being  backed  down,  until  the  next  floor 
is  ready  for  loading.  This  plan  is  intended  to  equalise  the  heat, 
and  it  is  said  it  improves  the  flavour  of  the  malt.  Where  maltsters 
finish  off  firom  170°  to  180°,  this  is  very  probably  the  case. 

It  has  long  been  recognised  that  the  rapid  increase  of  heat  in 
a  kiln  is  baneful.    Thus  Muspratt  states* : — 

"  If  the  drying  commences  with  too  great  a  heat,  the  outer 
*'  part  of  the  gram  hardens,  and  prevents  the  interior  moisture 
"  irom  evaporating ;  should  this  be  driven  off  by  too  high  a 
"  temperature,  the  husk  will  in  all  probability  split  and  the 
*'  farina  become  homy  and  very  refiractory  in  the  mash.** 

Dr.  C.  Michelf  has  pointed  out  that  "  the  larger  the  pro- 
"  portion  of  proteid  matter  in  the  green-malt  the  more  stub- 
"  bomly  will  the  moisture  be  retained  by  the  malt,  and  the 
*'  more  careful  and  prolonged  must  be  the  drying.  Two 
"  different  conditions  prevail  in  malt-drying.  We  may  dry 
*'  with  much  air  and  little  heat,  or  we  may  endeavour,  in 
'*  addition  to  the  expulsion  of  the  moisture,  to  effect  certain 
"  chemical  transformations  in  the  grain.  To  this  end  we  need 
"  much  heat  and  little  air.  In  drying  malt  by  exposing  it  to 
"  profuse  aeration,  accompanied  by  comparatively  Uttle  heat, 
''  we  obtain  a  product  smtable  for  producing  a  light-coloured 
*'  vinous  beer,  without  palate-fulness  (Bohemian  beer),  subject 
'*  to  the  proviso  that  the  grain  has  germinated  rapidly.  Malt 
''  produced  under  the  former  of  the  above-mentioned  conditions 
"  IS  unfavourable  to  yeast  growth,  and  where  such  is  in  use, 
"  repeated  changes  of  yeast  are  necessajy,  particularly  when 
'  the  germination  has  also  been  rapid.    For  higher  degrees  of 

palate-fulness  the  construction  of  the  drying-floors  must  be 

taken  into  accoimt  as  well.  These  may  be  classed  under  the 
**  heads  of  the  so-called  English  system,  and  the  hot-air  system. 

*  Chemistxy  Theoretical  and  Praotioal. 
t  ZiiUchr.  gewmmt,  Brauw,,  1880,  No.  22. 
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"  Floors  on  the  EDglish  system  have  horizontal  tubes,  and 

*'  receive  their  snppy  of   air  through  air-passages  opening 

*'  directly  beneath  the  grain.     Those  on  the  hot-air  system 

"  have  vertical  air-passages,  and  the  heated  air  is  supphed  at 

' '  the  lowest  level  by  means  of  a  hot-air  chamber.    Not  unfre- 

"  quently  the  two  systems  are  advantageously  combined,  so 

''  a&to  admit  of  the  utiUzation  both  of  heated  air  and  radiant 

''  heat.    Where  the  green-malt  is  to  be  so  dried  as  to  ensure 

*'  more  or  less  perfect  solubility  with  a  greater  or  less  percent- 

"  age  of  protein>  it  must  be  subjected  to  the  prolonged  action  of 

*'  heated  air  (heat  with  liberal  aeration),  so  as  to  expel  a  certain 

"  amount  of  its  water  without  the  formation  of  gluten  or  the 

"  coagulation  of  its  aJbiuninates.     This  end  is  achieved  when 

"  the  temperature  does  not  exceed  100°  Fahr.    When  the  malt 

''  is  sufficiently  air-dried,  the  air-passa.ges  are  closed  and  the 

''  malt  is  subjected  to  the  action  of  radiant  heat.    The  remain- 

"  ing  water,  which  is  difficult  to  get  rid  of  during  the  pre- 

"  liminary  process,  is  thus  expelled,  and  an  important  change 

''  is  effected  in  the  constitution  of  the  malt  by  the  splitting  up 

"  of  its  albuminates  and  the  formation  of  peptones.     The  same 

**  results  were  formerly  sought  in  the  old-tashioned  smoke-kilns 

''  by  direct  application  of  strong  heat  produced  by  the  combus- 

''  tion  of  split^beech  logs,  whereby  the  last  traces  of  moisture 

"  were  expelled,  and  certain  kiln-products  elaborated  in  the  malt, 

"  but  with  an  expenditure  of  trouble  wholly  disproportionate  to 

"  the  results  attained.    Now,  the  application  of  radiant  heat 

"  allows  the  same  effects  to  be  produced  without  difficulty. 

"  The  character  of  beer  thus  depends  much  on  the  method 

"  of  drying  the  malt  adopted." 

This  is  also  confirmed  by  Marx,  who  states,*  "  As  a  rule,  it 
"  may  be  affirmed  that  malts  which  saccharify  slowly  give 
"  worts  poor  in  sugar. 

"  The  sugar  in  the  wort  is  determined  by  Beischauer's 
"  method.  By  numerous  observations  and  discoveries  which 
"  have  been  made  at  the  laboratory  at  Weihenstephan,  it  has 
**  been  found  that  the  best  beers,  and  those  which  kept  the 
"  longest,  were  produced  from  malts  which  had  given  65  to  69 
"  per  cent,  of  maltose  in  the  extract — that  is,  a  ratio  of 
'' mtdtose  to  non-maltose  equal  to  1 : 041  —  1 : 0*54.  The 
''  complaints  of  secondary  fermentations,  of  the  want  of  head 
''  on  the  beer,  of  the  frequent  troubles  arising  from  saccharo- 
**  myces  exigutis,  belong  to  the  malts  of  which  the  ratio  of  the 
"  maltose  to  the  non-maltose  at  the  laboratory  has  been  found 
"  below  1 :  0*48,  while  slow  fermentations,  bad  secondary 
''  fermentations,  the  difficulty  of  yeast  settling  in  the  vat,  the 
**  bad  keeping  qualities  of  the  beer,  are  due  to  the  surplus  of  the 
**  non-sugar  in  the  malt. 

"  The  time  of  solution  and  the  exact  ratio  of  the  maltose  to 
*'  the  non-maltose  can  only  be  obtained  by  proper  manipulation 
**  in  the  drying.  The  essential  condition  for  arriving  at  a 
'*  good  result  is  to  dry  the  malt  slowly.     Kiln-drying  must 

*  Tnnslatioii  in  the  Brewer^  Guardian,  1884. 
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never  be  hurried,  for  it  is  a  great  fault  to  dry  the  malt  too 
rkpidly.  Green-malt  ought  not  to  be  too  suddenly  exposed 
to  the  heat ;  it  is  to  be  dried  at  a  low  temperature,  and 
onl^  when  it  is  dry,  and  contains  a  small  quantity  of 
moisture,  may  the  temperature  be  raised  and  the  last  heating 
be  given.  Let  us  see  what  happens,  if,  in  wishing  to  dry  too 
quickly,  the  temperature  is  raised  too  soon.  It  is  known 
that  in  kiln-drying  a  great  part  of  the  diastase  is  destroyed. 
The  discoveries  of  Ejeldahl  tell  us  that  notwithstanding  the 
most  careful  kiln-drying,  more  than  half  of  the  diastase  was 
destroyed.  But  this  loss  of  diastase  is  not  produced  by  a 
high  degree  of  temperature  in  the  drying,  out  from  the 
quantity  of  water  still  contained  in  the  malt  when  it  reaches 
this  high  temperature.  In  presence  of  water  the  diastase 
coagulates ;  if,  then,  you  heat  too  much,  before  the  malt  has 
attained  a  certain  degree  of  dryness,  a  great  part  of  the 
diastase  will  be  coagulated :  the  result  will  be  a  want  of 
converting  power  in  the  malt,  and  consequent  slowness  in 
saccharification  and  the  bad  ratio  of  the  sugar  to  the  other 
constituents  of  the  wort.  On  the  contrary,  when  green- 
malt  has  become  nearly  dry  and  hard,  the  temperature  may 
be  raised  above  176^  even  to  21QP  Fahr.,  and  the 
diastase,  being  in  presence  of  only  a  small  quantity  of  water, 
will  not  be  destroyed. 

''  Malts  which  have  been  dried  too  quickly  cannot  be 
employed  for  brewing.  Indeed,  their  complete  saccharification 
cannot  be  obtained  if  the  fermentations  are  slow,  and  the 
clarification  of  the  beer  is  with  difficulty,  if  not  incompletely, 
brought  about.  It  has  been  always  remarked  that  malts 
which  are  dried  slowly  on  the  upper  floor  of  the  kiln 
saccharify  better,  and  yield  a  better  ratio  of  sugar  to  non- 
sugar  than  malts  which  are  dried  too  quickly. 
"  On  the  torrefaction  depends  also  the  character  of  the  beer, 
that  is,  whether  it  is  vinous  or  dextrinous.  To  have  vinous 
beers  with  high  secondary  fermentations,  the  ^en-malt 
must  be  dried  at  least  from  ten  to  twelve  hours  with  strong 
draughts  of  air  at  a  temperature  of  95°  to  104°  Fahr.,  then 
continue  the  drying  below  IIP  Fahr.,  until  the  grain  become 
diy.  For  Bavarian  beers — that  is  to  say  those  having  palate- 
falness,  the  temperature  is  raised  above  111°  FsJir.,  when 
the  grain  is  hard,  but  not  quite  dry." 
These  temperatures  are  good,  but  the  time  for  attaining 
dryness  is  insufficient.  A  leg  of  mutton  cannot  be  boiled 
satisfactorily  in  ten  minutes,  and  the  cooking  influences 
exerted  upon  malt  in  a  kiln  require  a  certain  period  of  time 
pltis  certain  conditions  of  heat  and  humidity.  Change  any  of 
the  factors,  and  the  result  is  changed.  So  feur  as  ei^rience 
yet  teaches,  rapid  drying  of  malt  is  not  beneficial.  Directly  it 
IS  found  to  be  good,  let  us  by  all  means  adopt  the  American 
style  of  kiln  and  mechanical  movement  of  air  through  drying 
malt.  Bapidly-dried  malt  is  always  more  hygroscopic  than 
that  dried  slowly.    I  believe  eventually  it  will  be  proved  that 
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the  chief  power  of  etahility  in  English  beers  is  largely  derived 
from  the  treatment  of  the  drying  grain  in  \d]n. 

Professor  G-raham  has  published  tables  showing  some  of  the 
influence  of  kiln-heats  on  the  composition  of  wort,  by  which 
it  is  seen  that  an  increase  of  temperature  increases  the  propor- 
tions of  dextrine,  but  reduces  the  amount  of  extract  and  acid, 
and  alters  the  proportion  of  sugar  and  soluble  albuminoids. 

Infltience  of  High  Kiln-heats  on  Infusion-products  of  Malt* 


194'Fahr. 

SirFahr. 

248*Eahr. 

Maltose 

67-01 

62-44 

61-32 

Dextrine 

H-92 

18-49 

19-36 

Laotio  add 

0-66 

0-49 

0-31 

Soluble  albominoidfl 

2-09 

1-60 

1-60 

Colouring  matters,  ash,  &o. 

1-49 

1-38 

1-32 

Total  diy  aolLcU 

76-07 

74-40 

73-80 

Dr.  Graham's  experiments  have  been  confirmed  by  Kjeldahl, 
who  proved  by  his  experiments  in  the  Carlsberg  laboratory  that 
in  the  process  of  malting  there  is  no  appreciable  increase  in 
the  diastatic  power  of  barley  till  the  third  day  on  floor,  and 
that  it  is  during  the  fifth  and  sixth  days  that  the  greatest 
change  is  observed.  After  that  time  the  development  again 
slackens.  Kjeldahl  found  that  the  diastatic  power  of  malt 
before  kiln-drying  is  about  three  times  as  great  as  that  of  the 
barley  from  which  it  is  made,  and  that  during  kiln-drjdng  a 
retarding  action  takes  place,  so  that  the  ftilly-dried  malt  has 
then  only  about  25  per  cent,  more  diastatic  power  than  the 
original  malt. 

Srewers  who  make  the  malt  they  use  are  much  more 
interested  in  the  question  of  thorough  and  perfect  drying  than 
maltsters  who  make  it  for  sale.  By  very  complete  curing, 
malt  is  not  often  improved  in  appearance,  nor  is  the  bulk 
increased,  and  it  requires  the  exercise  of  considerable  faith  to 
believe  that  the  increased  appreciation  on  the  part  of  users 
compensates  for  the  direct  loss  incurred. 

When  brewing  has  progressed  a  little  beyond  its  present  stage, 
it  is  possible  that  appearance  of  malt  will  be  totally  disregarded, 
and  that  the  essential  qualities  will  be  alone  considered.! 

A  question  of  far  greater  importance  than  appearance  is  the 
true  value  of  the  empyreumatic  flavours  given  to  green-malt  by 
direct  contact  with  the  products  of  combustion.  Our  English 
system  of  firing  invariably  gives  this.  Dr.  Graham  says  con- 
cerning it : — 

''  So  far  from  considering  the  English  plan  of  allowing  the 
''  products  of  combustion  to  go  directly  through  the  kiln-tiles 
"  a  bad  one,  I  consider  it  is  an  advantage.  It  smokes  the 
"  barley,  which,  like  a  Finnon  haddock,  keeps  the  better  for  it. 

*Dr.  0.  Gbahak,  on  Lager  Beer,  8oe.  Chem,  Ind,  1881.  See  also  his  Oantor 
Leotoree,  Jtmm.  Soe,  Arts,  1874. 

t  Fifty  years  ago  it  was  a  very  usaal  thing  for  the  estimable  quality  of  holdness 
to  be  fictitioiisly  given  to  malt  by  sprinkling  water  upon  it  after  it  was  thrown 
from  the  kiln. 
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"  This  empyremnatic  creosote-action  is  continued  in  the  after- 
'*  process  of  mashing  and  fermentation,  and  I  therefore  think 
''  that,  so  far  from  the  foreigners  being  justified  in  abusing  the 
"  rough  way  in  which  EngUsh  maltsters  work,  they  deserve 
"  praise." 

Unfortunately  our  knowledge  makes  it  at  present  very  diffi- 
cult to  determine  the  true  nature  and  value  of  these  influences. 

Rb-dbying  Malt. 

Owing  to  the  absurd  modes  of  storing  and  keeping  malt 
still  practised,  a  very  large  quantity  of  malt  absorbs  sufficient 
moisture    to    become   distinctly  slack  or  clung  (called  also 

"Thane-malt"). 

To  prevent  the  necessary  mischief  that  results  from  attain- 
ing disastrous  influences,  and  to  make  the  malt  usable,  it  is 
customary  to  re-dry  it. 

Steel,  in  his  most  modest  manner,  says  of  this,** ''  So  much 
"  has  been  said  of  the  curing  of  malt  that  it  is  scarcely  neces- 
"  sary  to  add  anything  on  the  subject  of  re-drying  when  a 
"  brewhouse  is  not  doing  well,  but  the  practical  men  are  so 
"  stupid  or  lethargic,  and  the  master-men  sometimes  so  falsely 
'*  economical,  that  it  had  better  be  strongly  put  that '  Thane '  malt 
"  being  in  ninety  cases  out  of  one  hundred  the  cause  of  bad 
"  beer,  re-drying  is  the  cure  (the  only),  and  a  never  fiuling 

cure.     Some  parties  argue  that  re-drying  does  not  take  away 

acid ;  perhaps  so,  but  it  destroys,  at  all  events,  acid  ferments, 
''  and  evaporates  off  some  of  the  free  acid,  and  the  little  free 
"  acid  left  does  no  harm  to  a  brew." 

Mr.  Faulkner t  says — very  truly, — "  Slackness  means  the 
"  presence  of  an  excessive  moisture-percentage,  and,  under  the 
*'  influence  of  this,  the  azotised  constituents  soon  drift  into  a 
*'  very  abnormal  or  diseased  condition,  and  become  unsuited 
''  to  act  as  a  support  or  aliment  of  the  ferment  we  afterwards 
*'  cultivate.  Be-drying  stops  for  a  time  the  action  specified, 
"  but  does  not  restore  the  character  of  the  nitrogenous  bodies." 

No  amount  of  re-drying  can  ever  make  clung-malt  sound 
and  really  good.  It  is,  however,  invariably  the  result  of  gross 
carelessness  or-  want  of  knowledge  if  malt  gets  slack. 

Malt  intended  for  lager  beer  must  be  carefally  heated  upon 
the  kiln,  and  not  exposed  suddenly  to  any  great  amount  of 
heat.  Improper  regulation  of  temperatures  in  drying  causes 
the  resulting  fermentations  to  be  unsatisfactory.  Inferior  malt 
and  irregular  fermentations  do  not  often  produce  satisfactory 
beer.  Continental  malt  is  usually  spoilt  by  being  dried  too 
rapidly,  forty  hours  being  the  outside  time  allowed,  and  more 
frequently  much  less.  The  injurious  effects  of  this  are  much 
diminished  by  the  system  of  mashing  (decoction-mash),  and 
especially  by  the  low  temperatures  at  which  the  beer  is 
fermented  and  stored. 

Malt  dried  as  in  England  with  the  full  amount  of  empyreu- 

*  J.  Stebl,  Haltingr  and  Browing,  p.  25. 

t  Theoxy  and  Fttotioe  of  Modem  JBrewi&g,  p.  23. 
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matic  flavour  is  preferable  for  lager  beer.  The  modes  of 
drying  malt  in  the  chief  centres  of  lager-brewing  confirm  this, 
for  Bavarian  beer  is  more  generally  preferred  by  visitors  to  the 
Continent.  Bavarian  malt  is  usually  dried  by  loading  the  kiln 
fairly  thick  (about  eight  inches)  when  it  is  air-dried  By  means 
of  a  tolerably  strong  current  of  air  at  88^  Fahr. ;  the  ventilators 
are  then  closed,  and  heat  with  little  air  allowed  to  pass  through 
the  grain,  so  that  the  temperature,  in  the  course  of  a  couple  of 
hours,  rises  to  about  170^  Fahr.  when  the  desired  cooking 
processes  are  completed.  The  resulting  darkening  of  the 
endosperm  of  the  malt  has  been  but  little  studied.  It 
may  be  assumed  that  the  albuminates,  the  peptones  and  para- 
peptones,  together  with  the  extractive  matters  and  resins  in 
the  husk,  share  in  its  production,  as  well  as  the  natural  cara- 
melisation  of  starch,  when  still  moist  at  such  temperature. 
The  main  point  is  to  sufficiently  prolong  the  kilning-ofif,  as  the 
longer  the  malt  is  subject  to  heat  in  the  absence  of  aeration  the 
better  adapted  it  becomes  for  the  production  of  Bavarian  be^rs. 

After  drying  in  this  way,  the  air-passages  still  being  kept 
closed,  the  temperature  is  raised  to  190^  FaJbr.,  and  is  so  kept 
drying-ofif  for  two  or  three  hours  at  the  least.  At  this  tempera- 
ture the  malt-aroma  is  produced,  and  is  found  to  be  more 
pronounced  in  proportion  as  the  action  of  the  heat  and  the 
exclusion  of  the  air  have  been  more  complete.  The  substances 
which  produce  this  aroma  have  not  yet  l)een  separated.  The 
drying  is  chiefly  carried  out  on  the  Iqjver  floor,  and  occupies  at 
least  eight  hours  altogether.  The  time  may  be  shortened  by 
a  very  powerful  draught,  but  in  that  case  the  drying-off  will  be 
incom^ete,  and  the  malt  will  be  merely  dried.  When  so  dried 
it  is  unsuitable  for  the  production  of  Bavarian  beers. 

The  paler  Bohemian  beers  are  prepared  from  malt  dried 
solely  by  hot  air,  lying  on  kiln  at  much  less  depth.  The 
green-malt  is  exposed  to  a  strong  draught  at  a  heat  of  OOP  to 
100°  Fahr.  until  it  is  nearly  dry,  when  it  is  raised  to  120°,  and 
rarely  or  never  exceeds  125°. 

In  Vienna  the  drying  very  closely  resembles  the  Bavarian 
plan,  the  malt  being  finished  at  185°  to  190°. 

The  following  simple  instructions  to  work  a  Stopes'  kiln  are 
sufficient  to  direct  any  intelligent  man : — 

Green-malt  to  be  loaded  on  top  floor  every  time  wlienfitfor 
kiln. 

Heats  to  be  kept — 

First  day,  not  below  80°  or  above  100°. 
Second  „  90°        „       110°. 

After  two  days,  lower  top  floor  to  bottom. 

Third  day,  heats  firom  120°  to  130°— 140°. 
Fourth  „  140°  to  185°— 195°,  or  more. 

To^^oQTC^n  he  ploughed  or  forked  over  lightly  if  needed, 

and  heats  can  be  raised  or  lowered,  according  to  the  character 

intended  to  be  given  to  the  malt. 
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Bottom  floor  need  not  be  turned  or  ploughed. 

The  regulation  of  heat  and  air  to  be  effected  by  due  attention 
to  fires,  or  adjustment  of  air-inlets  and  dispersers. 

When  floors  are  young  and  green,  dispersers  can  be  closed 
and  inlets  open.    Air  is  required  at  this  stage. 

When  the  bottom  floor  is  to  be  finished  off  at  high  heat,  air 
can  be  supplied  moderately  and  dispersers  opened. 

By  these  means  the  bottom  floor  can  be  190^,  and  top  floor 
100°. 

Sweating  of  barley  to  be  upon  the  most  convenient  floor 
(preferably  the  bottom  one).  Heat  of  sweating  not  to  exceed 
115°  when  top  floor  is  loaded. 

The  diagrams,  Figs.  146, 147,  show  this  in  a  graphic  form. 

The  best  arrangement  for  recording  the  heats  of  kiln,  and, 
indeed,  the  whole  process  of  malting,  is  illustrated  in  the 
Appendix,  together  with  a  good  form  of  record-sheet,  kindly 
famished  me  by  Messrs.  Smith  and  Eastaugh,  Beccles. 

The  table  of  heats,  p.  389,  conveys  a  very  large  amount  of 
information  to  a  thoughtftil  mind. 

Pneumatic  malt  is  dried  in  all  respects  similarly  to  that 
grown  on  ordinary  open  floors.  Should  it  reach  the  kiln-floor 
in  a  less  dry  or  withered  state,  then  greater  care  is  needed  to 
regulate  rightly  the  heat  and  draught.  Otherwise  no  difference 
is  necessary  in  drying. 

The  whole  of  the  preceding  remarks  in  this  chapter  refer  to 
pale  malt  only.  "Patent"  or  black,  amber,  brown,  and  blown 
malts,  and  the  varying  *  conditions  essential  to  their  pro- 
duction, I  have  already  sufficiently  described  in  Chap.  XII., 
pp.  168—175. 
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CHAPTEE    XXI. 

FINISHING    AND     STOBING. 

Finiflhinff  and  Storing  : — 
MethooB  of  Treading  and  Soreening.    Bemoyal  of  Oombes.    I>re0Bii^  Halt. 

Storage.  Opinions  of  Tliauaing,  l^iner,  and  Steel.  Abaorption  of  l^iahire. 

Quantity  of  Combea  produoed.     Changes  in  Halt.    Auovr'a  Beaeaiohea. 

Sprinkling.    Storage  in  Carbonic  Acid.    Changes  in  Weight  and  Voliuna 

by  Malting.    Weight  of  Malt.    Transit 
Mould.     Causes  of   Mould.     Atmosphere.     Com.     Bacteria  and  Moulds. 

American  Treatment  of  Com.    Brejcha's  Views.    Brotei  Com.    Undean 

Cisterns,  &c.     Bad  Floors.     Mixture  of   Com.      Infiequency  of  Steep. 

Poap6's  Views.    Huxley  on  Bact«ria.    Impurities  in  Water.     Varieties  of 

Mould.    Mildew.    Prevention  of  Mould.     Ventilation.    Antiseptica.    Con- 

oluflion. 

Malt  when  dried  has  yet  to  undergo  farther  treatment  to  fit  it 
for  use,  unless  it  is  to  be  employed  as  food  for  animals. 

This  treatment  varies  according  to  circumstances,  and  is 
ruled  by  the  final  disposal  of  the  malt.  • 

Pale  malt  for  all  purposes,  and  all  malt  for  brewers'  use, 
has  to  be  fireed  fi:om  the  radicles  or  combes,*  and  otherwise 
cleaned. 

When  cleaned  it  is  requisite  to  store  malt  for  a  short  period, 
and  it  is  then  fit  for  sale  or  use,  and  passes  from  the  maltster's 
charge. 

The  finishing  processes  are  few  and  simple. 

After  the  floor  is  finished  off  on  kiln  by  maintaining  it  for  a 
certain  length  of  time  at  a  given  temperature,  maltsters  differ 
as  to  the  performance  of  the  next  step.  This  v^dely  varies 
according  to  locaUty. 

The  plans  adopted,  knov^n  to  me,  are  as  follows : — 

The  kiln-floor  is  at  once  vigorously  trodden  by  men  having 
heavy  boots,  and  in  some  cases  they  are  provided  with  dog- 
treaders,  i.e.,  a  wooden  sole  or  clog,  having  a  series  of  six  or 
eight  steel  blades,  similar  to  skate-blades,  secureljr  affixed.  This 
treads  off  the  dried  radicles,  so  that  the  malt  by  simply  passing 
over  a  water-fall  malt-screen  is  commercially  clean,  ana  fairly 
freed  from  dust  and  combes. 

Or  the  malt  is  heaped  up  in  centre  of  floor,  and  remains  for 
a  night  untrodden,  with  the  fire  well  banked. 

*  Thia  I  find  Yunoualj  spelt,  and  called,  comba,  oombea,  oomea,  oomlnga,  oominga, 
onminga,  and  oununinga,  cbivea,  genua,  roota,  rootleta,  radiolea,  tula,  tailinga,  or 
aproata. 
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Or  the  maJt  is  at  once  thrown  from  kibi  and  heaped  on  floor 
of  adjacent  store  prior  to  treading.  This  is  done  at  any 
conyenient  hour  during  the  two  or  three  days  following,  when 
it  is  trodden  and  screened. 

Or  it  is  taken  straight  from  kiln-floor  to  malt-bin  or  store, 
and  is  not  trodden,  screened,  or  done  anything  to  until  it  is 
required  for  use. 

On  the  Continent  it  is  passed  at  once  through  a  rotatory 
screen,  having  a  series  of  knives  working  in  the  conical 
receiving-hopper,  which  effectually  knock  off  all  combes,  &c. 

If  malt  is  dried  at  too  low  a  temperature  the  rootlets  are  very 
tenacious,  and  cUng  toughly  to  the  grain.  They  have  not  been 
dried  sufficiently  to  become  brittle,  and  the  ordinary  treading 
is  insufficient  to  remove  them-  With  very  high-dried  malt  they 
readily  break  off. 

The  colour  of  the  combes  frimishes  a  better  criterion  of  the 
heat  at  which  malt  has  been  dried  than  the  malt  itself. 

Considerable  difference  of  opinion  exists  amongst  practical 
maltsters  as  to  the  desirabiUty,  or  otherwise,  of  removing  the 
combes  from  malt  intended  for  long  storage.  Some  contend 
that  it  is  good,  others  assert  that  it  is  bad.  There  should  be 
no  difference  of  opinion,  for  it  is  patent  to  everyone  that 
combes  absorb  moisture  with  greater  avidity  than  whole  pale 
malt.  Consequently,  when  the  condition  of  the  air  in  store  is 
humid  and  bad,  the  combes  readily  and  freely  absorb  moisture. 
They  become  wetter  than  the  surrounding  malt.  When  the 
air  is  drier  the  combes  impart  their  moisture  to  the  malt,  and 
accordingly  the  malt  is  drinking  in  wet,  when  if  the  combes 
were  away  it  would  not  do  so.  As  a  consequence,  the  per- 
centage of  moisture  in  the  malt  after  long  storage  will,  in 
nearly  every  case,  be  greater  when  the  combes  are  left 
unscreened  than  would  be  the  case  if  they  had  been  removed. 

If  the  malt  is  screened  and  placed  in  bulk,  with  all  exposed 
surfaces  covered  with  8  in.  or  a  foot  of  combes,  and  all  draught 
excluded,  it  will  remain  for  months  and  not  gain  one  per  cent, 
of  moisture  (in  addition  to  that  left  in  at  finishing). 

Dressing  malt  concerns  brewers  and  users  more  deeply  than 
maltsters.  It  is  simply  a  final  process  exerting  but  slight 
influence  upon  the  character  of  the  product,  and  whether  done 
well  or  ill  is  comparatively  immaterial  to  the  maltster  in  many 
senses. 

The  majority  of  brewers  look  upon  it  in  the  same  light,  and 
many  use  very  iU-dressed  malt  without  further  screening.  If, 
however,  any  sensible  man  reflected  carefully,  and  brought  a 
microscope  to  his  aid  to  determine  what  he  passed  into  his 
worts  and  beer,  by  so  doing  he  would  speedily  arrive  at  the 
conclusion  that  very  considerable  cost  in  fixing  screens  and 
cleaning  appliances  would  be  speedily  repaid. 

Curiously  enough,  500  years  ago,  this  very  question  was 
deemed  of  sufficient  importance  to  require  specisJ  legislation, 
and  an  Act  was  passed  (17  Bichard  n.,c.  4)  which  remained 
unrepealed  till  19,  20  Vic.  (1856),  compelling  maltsters  in  the 
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home  connties  to  thoroughly  dress  their  malt,  under  heavy 
penalties ;  and  frequent  laws  followed  to  similar  effect. 

To  maltsters  who  are  also  brewers,  the  question  of  proper 
storage  of  malt  is  one  of  very  grave  importance.  The  two 
deadly  foes  that  must  never  be  ^rgotten  for  a  single  instant 
are  weevils  and  moisture.  Protect  malt  from  their  ravages, 
and  all  is  well. 

It  must  not  be  overlooked,  however,  that  protracted  storage 
of  malt,  even  in  absolutely  air-tight  metallic  oins,  is  not  good ; 
for  the  malt-constituents,  especially  the  albuminoids,  and 
indeed  all  those  that  exert  a  direct  influence  upon  the  character 
of  the  beer,  are  particularly  unstable  and  susceptible  to  change. 

The  most  satisfactory  equilibrium  of  the  constituents  of 
malt  is  reached  in  a  month  or  six  weeks  after  drying,  and  it 
changes  within  two  months.  No  malt  is  ever  so  good  after 
three  months  as  it  has  been.  I  hardly  beUeve  it  wul  ever  be 
possible  to  make  long-stored  malt  equal  to  that  properly  treated 
when  two  months  old,  not  even  when  malt-bms  are  scrupu- 
lously kept  filled  with  carbonic  acid  gas.* 

Steiner  says  (and  he  is  right)  t : — 

''  Malt  direct  off  the  kiln,  however  carefully  dried,  is  not 
"  suitable  for  immediate  use  in  the  brewery;  as,  unless  it  be 
'^  kept  for  from  five  to  seven  weeks  in  store,  the  worts  produced 
"  from  it  do  not  break  well  on  boiling,  the  fermentations  are 
"  irregular,  the  yeast  deteriorates,  and  the  resulting  beer 
"  remains  cloudy  for  a  considerable  time.  Krandauer  has 
"  shown  that  during  storing,  part  of  the  originally  soluble 
''  albuminous  matter  becomes  coagulated  in  the  com,  whilst, 
"  at  the  same  time,  gradually  less  maltose  and  more  dextrine 
"  is  obtained  in  mashing.  On  the  other  hand,  although  it  is 
''  advisable,  for  regularity  of  produce,  to  procure  a  good  stock 
"  of  malt,  if  it  has  been  kept  too  long  it  loses  in  value.  Not 
*'  only  the  flavour  of  the  sample  changes,  but  it  gradually 
"  becomes  slack,  i.e.,  the  percentage  of  moisture  mcreasea 
**  from  2  per  cent,  (at  the  commencement  of  the  season)  to 
''  5  or  6  per  cent.,  when  the  beer  produced  from  it  will  remain 
'*  cloudy  and  does  not  keep  well." 

Steel  advises  placing  malt  in  open  bins,  well  covered  with 
combes,  and  when  removed,  should  any  of  the  malt  be  slack  it 
should  be  re-dried.  He  says  alsot : — "  Of  course  in  long  rooms, 
"  with  the  malt  open  on  the  top,  skimming  may  go  on  from 
"  day  to  day  as  the  malt  is  abstracted ;  and  there  cannot  be  a 
"  better  method  of  storing,  proper  skimming  being  attended  to.'* 
As  Steel  considered  re-dried  clung-malt  equal  to  crisp-malt,  he 
thinks  he  is  right,  but  re-drying  malt  is  a  great  nuisance ;  it 
necessarily  costs  labour  and  fuel,  and  it  is  simply  impossible 
for  any  malt  to  get  clung  without  direct  injury,  capable  of  very 
easy  demonstration. 

•  Thattsivo  8ayB»  **  The  age  of  malt  has  no  influenoe  whateTer  upon  the  qnalt^ 
of  the  beer."    This  is  a  very  eztraordinanr  statement. 

t  The  Principles  of  Malting,  Brewen*  journal^  1883,  pp.  86—91. 
X  Malting  and  Brewing,  p.  27. 
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Mr.  Steel  does  not  state  how  deeply  he  "  skims." 
The  power  of  moist  air  to  penetrate  into  a  heap  of  malt  is 
much  greater  than  is  commonly  supposed.  Thus,  m  a  bin  free 
from  dntughts,  and  covered  with  8  in.  of  combes,  I  have  found, 
after  six  months  storage,  the  percentage  of  moisture  to  range  as 
follows : — 


Original  percentage  of  moisture  in  malt 

after  diying 
In  the  combes  on  surface 
Do.  next  malt 

Malt    on  surface  of  bin 
Do.      6  inches  deep  below  combes 
12    „  do. 

2  feet  do. 

3  „  do. 

4  „  do. 

5  ,,  do. 

6  „  do. 

7  „  do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


3*0  per  cent. 
14-2 
12-5 

9-5 

7-2 

6-3 

51 

4-5 

3-8 

3-4 

3-2 

3-2 


Apart  from  the  hygroscopic  character  of  combes,  it  is  neces- 
sary to  remove  them  from  malt  intended  to  be  brewed,  because 
of  the  composition  of  the  soluble  constituents.  These  add  very 
materially  to  the  colour  of  pale-worts,  and  give  a  harsh  bitterness 
that  is  most  objectionable.  The  excess  of  nitrogenous  matters 
also  render  only  a  small  quantity  of  combes  in  the  mash-tun 
positively  harmful  to  the  beer  in  most  cases.  (See  pp.  175, 176.) 

The  average  quantity  of  combes  screened  from  malt  is  about 
5  per  cent,  on  bulk,  and  3^  to  4  per  cent,  by  weight.  This  is 
necessarily  very  much  ruled  by  the  growth  of  com  on  floor, 
and  to  a  less  extent  by  the  degree  of  drying.  A  very  lightly 
grown  com  may  yield  as  httle  as  2  per  cent,  by  weight  of 
combes'. 

The  construction  of  storage-bins  has  already  been  explained. 
(See  p.  222.) 

The  character  of  the  changes  that  are  effected  in  malt  by 
storing,  are  very  inadequately  understood,  and  require  much 
more  careful  research  to  determine  or  elucidate. 

The  following  remarks  by  Aubry  possess  great  interest.* 

The  composition  of  the  same  malt  was  determined  imme- 
diately after  drying  and  after  seven  months'  keeping,  when  the 
supposition  that  it  had  become  modified  during  storage  was 
confmned  in  the  case  of  the  nitrogen  and  sugar  percentages  of 
the  extract,  which  were  found  materially  reduced. 

In  malt  dry-substances : — 

Freah.  Stored. 

Per  oent.  Per  oent. 

Extract  (Balling) 7791  ...  77*72 

Maltose       54-83  ...  5007 

Nitrogen     0*623  ...  0*489 

Other  proteids        3'90  ...  8-06 

*  Jahreibericht  k.  eenir,  8ch.  JFUhmitephan,  1882. 
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Tn  extract : — 

Maltose 
Nitrogen 
Other  proteids 
Maltose  to  non- 

•  ■  •                 ■  •  ■ 

•  ■  •                 •  •  • 

•  •  •                 •  •  • 

-maltose  =  1 

Percent. 

70-  38 
0-800      .. 
5-00 
0-42 

Peroeat. 

64-44 
0-630 

0-55 

Aubry  has  also  observed  that  malt  drawn  fresh  from  the 
kiln,  when  placed  after  cooling  in  a  closed  vessel  into  which  air 
devoid  of  carbonic-acid  was  led,  gave  off  considerable  quantities 
of  that  gas.  For  two  days  air  was  led  constantly  into  the 
vessel,  after  having  been  deprived  of  its  carbonic  acid  by  means 
of  soda-lime  and  barytes- water ;  and  as  the  malt  continuously 
gave  off  fresh  supplies  of  the  gas,  this  leads  to  the  supposition 
that  either  chemical  changes,  accompanied  by  the  formation  of 
carbonic  acid  compounds,  were  in  process  in  the  malt,  or  that 
malt  has  a  great  capacity  for  retaimng  carbonic  acid,  which 
afterwards  is  gradually  liberated. 

The  plan  of  making  one  large  bin  of  unscreened  malt,  retain- 
ing all  the  combes,  and  running  ventilating  pipes  through  it  in 
all  directions,  is  most  objectionable.  It  is  done  to  attract  and 
carry  off  excess  of  moisture.  It  would  be  equally  sensible  to  keep 
a  lot  of  rats  in  a  cellar  full  of  cheese  to  protect  it  from  mites. 

The  practice  of  wetting  malt  after  it  leaves  the  kiln  cannot 
be  too  sternly  deprecated. 

Lintner*  says : — "  It  has  been  clearly  demonstrated  that  the 
'  chemical  changes  which  take  place  in  malt  do  not  keep  pace 
'  with  the  physical  modifications.  Malt  can  be  given  a  dennite 
'  humidity  by  sprinkling  or  by  keeping  it  in  a  damp  place, 
'  without  the  changes  which  take  place  in  it  during  storage 

*  being  in  any  way  anticipated  or  furthered  thereby.    Chemic^ 

*  changes  progress  gradually  whilst  the  malt  is  kept.  Heat 
'  and  moisture  assist  them ;  but  it  has  been  proved  that  tiie 
'  more  gradual  the  progress  of  these  changes,  the  better  v«ill  be 
'  the  quality  of  the  malt." 

Probably  the  perfection  of  malt-storage  will  be  cylindrical 
bins,  of  small  diameter  and  great  height,  kept  filled  v^th  car- 
bonic-acid gas.  If  these  have  conical  bottoms,  delivering  into 
elevators  or  screws  for  removal  of  their  contents  direct  to  mills, 
and  are  fitted  at  top  with  air-tight  receiving-valves,  open  only 
when  malt  is  passing  into  them,  probably  malt  may  be  kept  six 
months  with  only  slight  injury  and  loss. 

Before  all  this  happens,  possibly  men  will  determine  that  it 
pays  best  to  work  pneumatically,  and  accordingly  malt  will  be 
always  supplied  to  the  brewery  of  uniform  age. 

The  changes  in  weight  and  volume  of  barley  while  being 
malted  have  been  very  carefully  estimated  by  numerous  writers. 
Thus  Dr.  T.  Thomson,  after  a  very  elaborate  series  of  experi- 
ments, found  that  the  real  loss  barley  sustained  was  8  per  cent. 
This  he  accounted  for  as  follows  t — 

*  leitteh,  Oetammt,  Brauw.,  1886,  No.  12. 
t  Brewing  and  Digtallation,  p.  81. 
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Carried  off  by  steep-liquor        1*5  per  cent. 

Dissipated  on  floor        3'0 

Boots  and  dust  ...          3'0 

YY  as  vw         ••*             *•.             ■•■             •••             •••  9 


99 
91 
99 


8-0 

In  addition  to  this,  barley  ordinarily  contains  about  12  per 
cent,  of  water,  which  is  driven  off  in  drying  malt ;  consequently 
dry  malt  averages  from  78  to  82  per  cent,  by  weight  of  the 
barley  from  which  it  is  made. 

Commonly,  there  is  no  decrease  of  bulk  in  malting  barley ; 
more  generally  there  is  a  distinct  gain,  as,  in  common  seasons, 
100  bushels  of  dry  barley  yield  103 — 112  bushels  of  screened 
malt.*  Very  thin,  dry,  foreign  com  will  increase  still  more 
than  this.  Very  dry  English  barley  increased  15  per  cent,  in 
1884.  Bigg  loses  much  more  weight  and  measure  than  barley 
when  malted. 

Good  malting-barley,  well  malted,  now  gives  for  each  100 
parts  by  weight  very  much  the  same  amount  as  determined  by 
Dr.  Thomson. 

In  an  average  sample,  containing  13  per  cent,  of  water,  we 
have  87  per  cent,  dry  material. 

Throughout  the  malting  processes  of  such  barley  we  should 
find  the  following  weights  and  volumes. 

100  parts  would  weigh  100  and  measure  100. 

Weight.  Volume. 

Dry  liarley,  as  sold  and  deliyered,  bnt  weU  screened  . .  100  100 

Water  in  same 12               5* 

Barley  in  cistern,  loss  in  swimmings 1              1*12 

Stepped  barley,  oommenoement  of  oouoh          ..         ..  150  120 

Do.             endofoouoh 149  125 

Qreen  malt,  fit  for  kiln 120  195 

Dry  malt,  finished  at  220'' Fahr 84  113 

Water  in  same 2*5  — 

Cbmbes  and  dost  in  same            3               5 

Dry  malt  cleaned  {no  moisture  left)       79*5  108 

The  loss  by  malting  averages — 

Swimmings    ..•         ...         ...         ...         •••  1 — 2 

lioss  in  steep  ...         ...         ...         ...  1 — 2 

Losses  on  floors — gas,  water,  rootlets,  etc.  4 — 9 

Loss  drying  and  screening  combes,  &c.    ...  3 — 5 

These  weights  and  volumes  are  necessarily  largely  influenced 
by  the  quality  of  the  barley,  and  especially  by  the  care  with 
which  it  is  screened  prior  to  steeping,  and  the  final  amount  of 
water  left  in  the  malt  when  dried. 

With  high  heat  in  steep,  and  on  floors,  but  low  drying  and 
finishing  heats,  it  is  possible  to  lose  as  much  as  14  or  even  15 
per  cent.,  but  such  working  would  be  disastrous  in  every  sense. 

Few  faJlacies  can  be  worse  than  the  purchase  of  malt  by 
weight.      A   thoroughly  malted  barley,  which   is  extremely 

*  For  fuller  details,  see  Thomson^s  taUes,  ibid.^  pp.  35^41. 
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heavy  as  barley,  is  naturally  valuable  as  malt ;  but  to  suppose 
that  therefore  any  other  malt  of  the  same  weight  is  of  equal 
value  is  simply  absurd. 

Malt  should  be  bought  as  malt,  with  its  percentage  of 
unmalted  grain,  water,  and  rubbish  determined.  Let  these 
three  all-important  factors  be  first  ascertained,  and  then  see 
how  much  malt  is  left,  and  value  it  accordingly.  To  pay  an 
extra  price  for  malts  weighing  over  42  lbs.  per  bushel,  when 
they  acquire  that  weight  under  false  pretences,  is  worthy  of  the 
Middle  Ages.  All  users  of  malt  should  now  be  centuries  in 
advance  of  such  a  practice. 

Tbansit. 

It  is  stiU  the  custom  in  several  large  brewing  centres  for 
brewers  to  buy  malt,  or  to  have  it  made  on  commission.  Were 
brewing  a  worse  business  than  it  is,  this  might  be  foimd  to 
possess  sundry  disadvantages  that  would  ensure  a  discontinu- 
ance of  the  practice.  The  financial  and  other  disadvantages  do 
not  concern  me ;  I  must,  however,  point  out  the  grave  injury 
any  malt  sustains  in  transit,  and  in  many  cases  bought  malt 
has  to  travel  long  distances. 

Malt,  when  placed  in  stiU  air  containing  moisture,  and  in  fairly 
dry  air  if  in  rapid  motion,  drinks  in  water.  Consequently 
no  malt  can  perform  a  railway  or  canal  journey,  or  sea-voyage, 
however  short,  without  imbibing  some  water.  No  such  access 
of  water  can,  under  any  circumstances,  fail  to  affect  the  malt, 
and  in  most  cases  positively  to  injure  it. 

Barley  is  injured  by  transit  less  than  malt  if  it  is  preserved 
from  heating.  Therefore  it  is  better  to  carry  barley  to  or  near 
the  brewery,  and  malt  it  there,  even  allowing  for  the  20  per 
cent,  extra  cost  of  freight,  should  it  amount  to  so  much. 

English  air  is  always  humid,  and  a  truck-load  of  malt,  flying 
through  a  thick  fog,  or  standing  about  one,  two,  or  more  days, 
on  a  bleak  railway-siding,  drinks  in  sufficient  wet  to  seriously 
imperil  the  stabilfty  of  a^y  beer  brewed  from  it. 

When  brewers  discover  what  the  addition  of  3  per  cent,  of 
water  does  to  the  soluble  albuminoids  of  malt,  the  practice  of 
shifting  malt  any  distance  exceeding  10  miles,  will  oe  as  rare 
as  the  old  bugbear  to  our  fathers  of  fox  in  worts  is  to  the  more 
intelligent  race  of  men,  who  now  find  that  fox  and  cleanliness 
are  impossible  in  the  same  place.  Sound  beer  and  lengthened 
transit  are  equally  antagonistic. 

Mould. 

The  ravages  of  mould,  and  references  to  its  causes  and  cure 
occur  frequently  in  this  book. 

Steel  says*  "  all  vegetable  matters  in  a  stagnant  atmosphere 
' '  will  degenerate  into  fungus."    This  statement  was  presumably 

*  J.  Strbl,  Halting  and  Brewing,  p.  14. 
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intended  to  point  oat  the  prevalence  of  mould  under  favouring 
circumstances. 

Up  to  the  present  moment  this  subject  has  not  received 
mucn  careful  consideration  from  English  maltsters.  Com- 
paratively few  have  ever  taken  the  slightest  trouble  to  prevent 
the  starting  of  mould,  or  to  check  its  development. 

Mould,  when  existing  on  or  in  malt,  is  not  only  capable  of 
influencing,  very  matenally,  the  mash  and  wort  prior  to  coiling, 
but  its  baneful  effects  are  exerted  after  any  length  of  boiling, 
both  in  gyles  and  finished  beers.  This  is,  consciously  or  other- 
vnse,  one  of  the  main  reasons  why  the  best  brewers,  who  have 
a  reputation  for  pale  and  stock  ales,  pay  such  strict  attention 
to  me  quality  of  the  barleys  they  purchase.  Yet  it  is  no 
infrequent  thing  to  find  men  giving  large  sums  for  choice  growths 
of  com  of  fine  colour,  but  omitting  to  remove  the  damaged  or 
broken  kernels,  never  cleaning  or  washing  the  barley  before 
steeping,  using  no  antiseptics  either  in  cistern  or  on  floors, 
growing  upon  floors  filled  with  cracks  that  harbour  dust  and 
filth  of  all  kinds,  and  finally,  drying-off  upon  kilns  that  are  not 
rightly  ventilated,  where  the  green-malt  is  kept  at  90°  to  120® 
for  forty-eight  to  sixty  hours. 

Many  oi  these  men,  if  asked  to  explain  why  two  beers, 
brewed  alike  in  every  way,  should  present  very  different 
characteristics  affcer  six  months'  or  a  year's  storage,  would 
gravely  tell  vou  that  "the  air  was  different  when  brewing,"  &c., 
or  advance  nfty  other  excuses,  all  equally  remote  from  the  true 
cause — mouldiness  of  the  malt. 

The  causes  of  mould  are  numerous,  but  may  be  grouped  in 
the  following  order  of  importance : — 

1.  Atmosphere  charged  with  germs  or  spores. 

2.  Broken  or  damaged  corns. 

3.  Uncleanly  cisterns,  floors,  walls,  ceilings,  etc. 

4.  Admixture  of  flinty  with  kindly  grain. 

5.  Infrequency  of  change  of  steep-hquor. 

6.  Impurity  of  water  used  for  steeping  and  sprinkling. 

A  little  further  examination  of  these  causes  will  show  how 
easily  most  of  them  can  be  altogether  removed  or  greatly 
diminished. 

1.  Atmospheeb  Chabged  with  Gbrms  ob  Spobes. 

This,  the  chief  cause  of  mould  in  malt,  constitutes  one  of 
the  greatest  difficulties  with  which  the  maltster  has  to  contend. 

The  spores  of  mould  have  been  'proved  to  abound  almost 
everywhere,  and  in  a  vast  variety  of  circumstances,  indeed 
their  ubiquity  is  only  rivalled  by  their  diversity.  Each  of  the 
numerous  forms  known  to  fangologists  has  its  favourite 
pabulum  and  its  special  conditions  of  development,  and 
wherever  these  requisites  coincide,  that  development  com- 
mences and  proceeds  with  great  rapidity. 

Barley,  during  growth  or  at  harvestiag,  is  constantly  liable 
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to  become  the  basis  of  a  considerable  variety  of  moulds,  and 
in  mifavonrable  seasons  the  development  of  these  is  carried  on 
in  the  stack.  Skill  and  care  on  the  part  of  the  farmers  can 
alone  deal  with  the  mischief  at  this  stage,  and  hitherto  their 
efforts,  only  rarely  put  forth,  have  met  with  but  small  success. 
It  would  be  unsafe  to  predict  bow  many  generations  will  pass 
away  ere  farmers  as  a  body  will  be  able  to  take  to  market,  and 
sell  to  maltsters,  samples  of  barley  absolutely  free  from  mould. 

Meanwhile,  maltsters  must  minutely  examine  samples  before 
purchase,  rejecting  such  as  are  tainted,  damaged,  or  mouldy. 
This  scrutiny  should  be  effected  with  the  aid  of  a  lens  or  micro- 
scope, and,  though  important  at  all  times,  is  especially  so  after 
wet  and  trjdng  seasons.  The  ends  of  the  com  require  the 
closest  investigation,  as  affording  crevices  for  spores  to  rest  in. 

In  the  malting  season  of  1879-80,  when  the  quality  of  much 
English  barley  was  inferior,  Mr.  G.  C.  Matthews  observed  the 
frequency  of  the  so-called  **  red  corns  "  on  the  floors  of  a  malt- 
ho^e  where  various  English  barleys  were  being  worked.  This 
appearance  was  due  to  a  mould,  which  Dr.  Hansen,  of  Copen- 
hagen, determined  to  be  either  Fusarium  gramirui/rium^  or 
some  closely-allied  species  whose  life-history  had  not  been 
traced.  To  the  maltster  the  appearance  of  these  red  corns 
is  probably  not  unfamiliar,  though  they  are  only  seen,  in  any 
quantity,  during  the  malting  of  inferior  barleys.  The  mould 
is  chiefly  at  the  germinal  end  of  the  com,  and  exhibits  a  con- 
spicuous crimson  colour.  To  facilitate  investigation,  he  cul- 
tivated the  mould  in  various  ways  well  known  to  fungologists. 
Different  kinds  of  barley,  including  Saal,  French,  Chuian,  and 
CaUfomian  samples,  were  treated,  and  yielded  similar  results, 
but  in  varying  quantities.  An  examination  of  the  accumulated 
dust  under  ba«rley-heaps  showed  that  the  greater  portion  con- 
sisted of  earthy  matter,  but,  in  addition,  mould-spores,  in- 
fusoria, and  bacteria,  similar  to  those  obtained  from  barley, 
were  found. 

Mr.  Matthews  is  of  opinion  that  mould  is  developed  to  a 
great  extent  in  steep.  The  growth  of  the  mould,  beginning  at 
the  germinal  end,  spreads  towards  the  opposite  end,  the  rate 
of  growth  being  determined  by  the  supply  of  nourishment 
from  the  interior  of  the  grain,  aLd  this  itself  is  determined  by 
the  extent  of  the  injury  the  com  has  received  by  crushing,  etc. 
On  some  grains  there  is  a  very  slight  colouration,  whilst  others 
are  covered  by  a  crimson  paste,  from  which  fungoid  tubes  are 
seen  to  emerge.  The  grains  which  are  subsequently  the  worst 
affected  are  just  distinguishable  amongst  the  dry-stored  barley, 
but  many  others  that  look  like  idlers  develope  the  mould  when 
on  the  floor.  It  is  not,  however,  until  they  have  been  four  or 
five  days  out  of  steep,  that  their  presence  is  capable  of  being 
readily  observed,  without  a  good  lens  or  microscope.  From 
this  period  to  the  time  of  loading  kiln,  the  mould  grows  with 
varying  rapidity.  The  affected  grains  are  nearly  always  in- 
capable of  proper  germination,  having  been  injured  by  heating 
in  the  stack  and  sprouting,  or  by  being  split  or  crashed  during 
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the  thrashing.  They  are  usually  discoloured,  misshapen,  and 
indicate  by  their  appearance  that  they  are  defective  or  devoid 
of  the  first  essential — ^vitality.  Occasionally  in  such  grains  an 
abortive  growth  takes  place ;  one  or  more  sickly,  brownish- 
looking  rootlets  may  appear,  whilst  the  acrospire  remains 
almost  inactive ;  in  others  the  reverse  occurs,  the  acrospire 
growing  to  some  length,  the  rootlets  scarcely  appearing,  having 
been  shrivelled  up  during  an  earlier  sprouting.  Such  are  the 
grains  which  are  found  with  this  particular  mould  developed  in 
or  upon  them.  The  mould  is  never  seen  on  a  healthily-ger- 
mina^ng,  perfect  grain.  The  red  mould  does  not  spread  £om 
grain  to  grain  except  where  injured  grains  lie  for  some  time  in 
contact.  This  may  be  due  to  the  supposition  that  the  spores 
are  not  disseminated  like  those  of  common  moulds,  owing  to 
their  greater  weight  and  their  tendency  to  adhere  to  their 
original  food-bed.  Grains  seriously  affected  with  mould  may 
generally  be  distinguished  in  finished  malt  by  the  colouring 
matter  adhering  to  them.  Mould-spores  have  an  undetermined 
influence  in  the  mashing  process,  and  are  not  yet  proved  to  be 
destroyed  during  the  boiling  in  copper.  Therefore  any  malt 
containing  red  grains  must  be  of  inferior  quality,  having  been 
prepared  from  an  indifferent  sample  of  barley,  besides  which 
the  mould-growth  will  have  acted  in  a  prejudicial  manner  on 
the  constituents  of  the  grain,  using  up  carbohydrates,  im- 
properly affecting  the  proteins,  and  exerting  other  influences 
hinted  at  by  me  (p.  175). 

Together  with,  but  it  would  seem  in  numerically  inverse 
ratio  to,  the  mould-spores,  the  air  contains  the  germs  of  the 
lactic-acid  bacteria,  and  alhed  forms.  Both  germs  and  spores 
require  moisture  and  slight  warmth  for  their  development,  and 
in  the  absence  of  these  conditions,  their  vital  powers  may 
apparently  remain  dormant  for  an  indefinite  period.  But 
Professor  Tyndall  has  shown  that  when  once  me  has  passed 
from  the  potential  to  the  actual,  a  change  of  conditions  that 
would  not  affect  undeveloped  germs,  speedily  destroys  such  as 
have  begun  to  live.  An  infusion  of  six-year-old  hay  requires 
boiling  several  times  before  final  sterilization  is  effected, 
successive  series  of  germs  awaking  to  life  in  the  intervals  and 
perishing  by  the  heat.  Pasteur,  Hansen,  and  other  dis- 
tinguished men  have  experimented  on  the  same  subject  with 
results  of  the  highest  importance,  more  especially  to  the 
questions  of  preserving  easily  putrescible  matter  such  as  meat, 
milk,  and  fruit. 

Miquel  has  succeeded  in  collecting  and  numbering  the  spores 
or  germs  of  bacteria,  and,  while  confirming  Pasteur's  observa- 
tion, that  they  are  always  present  in  the  air,  has  shown  that 
their  number  presents  incessant  variations.  Very  small  in 
winter,  it  increases  in  spring,  is  very  hi^h  in  summer  and 
autumn,  then  sinks  rapidly  when  frosts  set  m.  This  law  also 
apphes  to  spores  of  fan^  and  moulds ;  but  while  the  spores  of 
moulds  are  abundant  m  wet  periods,  the  number  of  aerial 
bacteria  then  becomes  very  small,  and  it  only  rises  again 
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when  drought  pervades  the  soil,  a  time  when  the  spores  of 
moulds  become  rare.  Thns,  the  rndxima  of  moulds  correspond 
with  the  minima  of  bacteria,  and  reciprocally.  In  summer 
and  autumn,  at  Montsouris,  Miquel  frequently  found  1,000 
germs  of  bacteria  in  a  cubic  yard  of  air.  In  winter  the 
number  often  descends  to  four  and  five,  and  on  some  days  the 
dust  from  200  litres  of  air  was  incapable  of  causing  infection 
in  the  most  unstable  liquids.  In  the  interior  of  houses,  and  in 
absence,  of  mechaniccu  movements  raising  dust  from  the 
surface  of  objects,  the  air  becomes  fertilising  only  in  a  volume 
of  30  to  60  litres.  These  results  differ  considerably,  it  is 
pointed  out,  from  those  published  by  Tjmdall,  who  says  that  a 
few  cubic  centimetres  of  air  will,  in  most  cases,  bring  infection 
into  the  most  diverse  infusions.  M.  Miquel  farther  states  (in 
opposition  to  most  investigators)  that  the  watery  vapour  which 
rises  from  the  ground,  from  rivers,  and  from  masses  in  full 
putrefaction,  is  always  free  from  germs ;  that  gases  from  buried 
matter  in  course  of  decomposition  are  always  exempt  from 
bacteria,  and  that  even  impure  air  sent  through  putrefied  meat, 
far  from  bein^  charged  vnth  germs,  is  entirely  purified,  provided 
only  the  putnd  filter  be  in  a  state  of  moisture  comparable  to 
that  of  earth  at  about  twelve  inches  from  the  surface. 

It  is,  however,  manifestly  difficult  for  a  maltster  to  supply 
filtered  air  to  his  growing-floors  as  commonly  constructed  and 
used,  and  therefore  his  tactics  in  the  warfare  vnth  mould  must 
take  the  form  of  purification  of  his  other  materials ;  though  he 
should  of  course  allow  no  avoidable  impurity  to  mingle  vdth 
the  air  of  his  malting,  by  relegating  dust-heaps,  stables,  cess- 
pits, and  the  like,  to  points  whence  their  effluvia  are  unlikely  to 
reach  the  grovnng-floors. 

All  grain  requires  carefal  and  thorough  cleansing  to  remove 
germs  and  spores  from  its  exterior.  Screening,  brushing  and 
washing  vnll  get  rid  of  much  of  the  filth  always  adhering  to 
com,  which  furnishes  nutriment  to  both  mould  and  bacteria  in 
the  early  stages  of  their  existence.  Not  only  is  actual  dirt  thus 
removed,  but  many  substances  which  might  come  under  that 
category  as  "  matter  in  the  wrong  place,"  such  as  seeds  of 
other  plants,  broken,  weevil-bitten,  starved,  or  otherwise  im- 
perfect kernels,  fragments  of  awns,  &c.,  all  of  which  even  where 
not  palpably  detrimental,  are  distinctly  out  of  place  in  good 
malt. 

In  America  much  more  attention  is  given  to  cleaning  and 
scouring  barley  than  is  the  case  in  Oreat  Britain.  Befoie 
steeping,  it  is  passed  through  sundry  sieves  and  brushes,  and  if 
carefully  exammed  it  would  be  considered  clean  and  free  from 
mould-spores.  But  if  a  small  quantity  of  this  com  is  placed 
in  a  sterilized  bottle,  with  distilled  water  (which  contams  no 
spores  whatever),  and  is  left  securely  sealed  against  contact 
with  air  in  a  warm  place,  it  is  very  speedily  found  that  the 
water  in  the  bottle  perfectly  teems  with  bacteria  and  a  variety 
of  moulds  and  other  low  organisms  in  various  stages  of  develop- 
ment.   If  this  experiment  is  conducted  carefully^  we  can  be 
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Serfectly  certain  that  all  this  life,  with  its  potential  force,  was 
ormant  in  or  upon  oar  com,  which  we  had  previously  deemed 
effectually  cleansed  from  imparity. 

If  this  is  true  of  com  which  has  received  such  care  and 
attention,  what  can  be  the  result  of  steeping  com  in  all  its 
filth,  as  we  so  frequentlv  find  even  in  meUtings  of  large  size, 
and  belonging  to  men  wno  are  considered  good  maltsters. 

In  an  interesting  paper,*  M.  Brejcha  remarks  that,  in  the 
present  day,  innovations  in  brewing  are  many,  but  good 
original  suggestions  are  few  and  far  between.  Among  the 
latter  must  be  reckoned  apparatus  for  washing  barley  before 
malting.  A  thorough  washing  of  the  barley  in  the  steep- 
cistern  was  once  the  rule ;  now  it  is  the  exception.  Yet  the 
advantages,  especially  with  such  barley  as  that  of  1879,  cannot 
be  overrated.  Harvested  when  more  or  less  wet,  the  bulk  of 
the  grain  was  dirty  and  discoloured ;  and  white-looking  grain 
was  scarce.  The  dark  colour  and  foetid  odour  of  the  water  in 
which  such  barley  was  steeped,  were  sufficient  in  themselves  to 
suggest  inquiry  whether  they  were  the  results  of  internal  or 
merely  superficial  alterations  in  the  grain.  It  is  true  that  a 
proportion  of  the  corns  in  such  cases  appear  to  be  deteriorated 
internally ;  but  there  is  every  reason  to  beUeve  that  the  causes 
of  the  peculiarities  in  the  steep-water  exist  on  the  surface  of 
the  gram. 

The  water  extracts  from  the  grain  certain  salts,  as  phos- 
phates and  chlorine  compounds,  which  can  be  detected  by 
ordinary  chemical  tests ;  at  the  same  time,  it  detaches  from 
the  husk  a  host  of  organic  and  inorganic  impurities,  the 
presence  of  which  is  apparent  even  to  the  unassisted  eye,  but 
which  only  stand  forth  fullv  revealed  under  the  microscope. 
To  learn  something  more  than  is  generally  known  of  these 
imparities,  M.  Brejcha  made  an  experiment  with  1879  barley, 
with  the  following  results : — 

The  barley  was  first  carefully  blown  and  screened,  so  that 
the  bushel  averaged  54  lbs.  Internally  it  was  white  and 
mellow ;  hard  vitreous  corns  formed  about  6  per  cent,  of  the 
whole;  the  grains  were  of  normal  shape,  with  a  bam-hke 
smell,  a  brownish-yellow  hue,  and  about  2  per  cent,  had  well- 
marked  dark  tips.  The  water  for  testing  was  taken  from  a 
steep-cistern  constructed  of  masonry,  with  a  perfectly  smooth 
hning  of  cement,  and  which  had  been  well  washed  out  with 
lime-water  before  use.  The  grain  was  thoroughly  blown.  On 
entering  the  steep-cistern  water  was  kept  running  on  it,  which 
water  was  afterwards  run  off,  and  replaced  by  fresh  at  a 
temperature  of  50^  Fahr.  Pure  sprihg- water  was  used.  After 
twelve  hours'  steep,  the  samples  were  taken,  and  the  water 
a^ain  renewed.  The  water  of  the  samples  was  dark-coloured, 
with  much  scum.  In  a  glass  it  presented  the  appearance  of 
beer  brewed  from  a  malt  dried  at  167^  Fahr. ;  it  was  clouded 
with  fine  particles  of  matter;  the  taste  was  sour,  the  smell 
mouldy  and  offensive.     Part  of  the  water  was  hermetically 

*  ZeitMohr,  Brau-ind.  Ver,  Bohm,  1879. 
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sealed  and  pat  by  in  a  dark  cold  place  for  farther  examination ; 
and  a  small  qaantity  was  analysed  at  once.  The  microscope 
revealed,  besides  minate  particles  of  varioas  mineral  sabetances, 
azore  particles  freqaently  foand  in  ranning  waters  and  in 
mashes,  and  which  aboand  in  Pilsener  store-yeast,  minate 
crystals  of  lime,  fragments  of  diatom-cases,  and  particles  of 
soil  from  the  fields,  large  nambers  of  moold-spores  of  varioos 
kinds,  and  in  all  stages  of  development.  When  examined  two 
or  three  days  afterwards,  the  water  was  foond  to  contain  large 
nambers  of  bacteria— mostly  sphaero-bacteria,  with  some 
desmo-bacteria  and  micro-bactena.  The  same  resolts  were 
found  in  the  hermetically  sealed  sample,  but  the  bacteria  were 
less  nameroos. 

The  mould-spores  of  various  kinds,  some  colourless,  some 
grey  or  greyish-orown,  and  some  black,  were  so  abundant  as  to 
fully  accoxmt  for  the  colour  and  evil  smell  of  the  steep-water. 
The  same  mould-spores  and  dark  colour  were  observed  in  the 
water  first  run  off  from  the  steep-cistern.  The  microscope 
thus  gave  no  startling  results,  but  indicated  clearly  the  im- 
portance of  repeated  renewals  of  the  steep-water  in  conjunction 
with  sufficient  a^tation  of  the  grain  to  rub  off  the  impurities 
and  allow  of  their  being  washed  away.  Omitting  all  reference 
to  the  character  of  the  water,  M.  Brejcha  argues  that  there  is 
no  good  reason  to  dread  the  consequences  of  too  frequent 
renewal. 

At  one  time  a  rain-stricken,  high-coloured  grain  was  con- 
sidered best  for  malting;  now  the  preference  is  given  to  a 
sound  white  grain ;  but,  in  M.  Brejcha's  opinion,  it  is  yet  an 
open  question  whether  the  former,  if  still  sorb  and  mealy,  is  not 
better  than  a  hard,  dry,  white  one.  It  was  found  that  in 
1879  barley  had  a  proportion  varying  from  4  to  16  per  cent, 
of  the  corns  which  failed  to  germinate  altogether,  although 
they  appeared  internally  unaltered.  Why  this  should  be  so  when 
others,  the  points  of  which  have  become  perfectly  black, 
germinate  freely,  is  difficult  to  explain.  Perfect  purification  of 
the  grain  from  all  traces  of  mould  is  probably  impracticable, 
but  a  very  high  relative  degree  of  punty  may  be  secured  by 
attention  to  the  following  points: — Choice  of  the  soundest 
grain  procurable ;  thorough  aeration  of  granaries  ;  (with  a  like 
object  the  grain,  especially  when  first  stored,  should  be  placed 
in  shallow  layers  and  frequently  turned) ;  thorough  separation 
of  all  dust  and  damaged  corns ;  thorough  washing  of  the  grain 
after,  as  well  as  before,  it  has  begun  to  soften,  accompanied  by 
frec^uent  renewals  of  the  steep- water ;  suitable  agitation  of  the 
grain  during  steeping,  and  the  running-off  of  the  water  so  as 
to  secure  the  absolute  removal  of  all  impurities. 

The  washing  should  be  done  afker  the  grain  is  screened,  and 
before  it  enters  the  steep.  A  receiver,  provided  with  a  constant 
flow  of  water  and  some  sort  of  rotatory  apparatus  or  brushes,  is 
all  that  is  needed.  The  best  arrangement  is  shown  by  Fig.  141, 
p.  815.  The  clefts  in  the  corns  are  said  to  offer  hindrcmoe  to 
perfect  cleansing  with  the  brush  alone.     The  steep-cistern 
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also  has  in  some  cases  an  arrangement  of  rotatory  shovels, 
worked  by  hand  or  power.  In  conclusion,  M.  Brejcha  records 
his  belief  that  a  careful  washing  of  the  grain  before  malting  is 
a  decided  improvement,  and  a  desirable  acquisition  to  the  art 
of  brewing  upon  scientific  principles. 

2.  Broken  and  othebwisb  Damaged  Corn. 

A  prolific  source  of  mould  in  malt  is  the  proportion,  often 
large,  of  imperfect  kernels.  These  are  incapable  of  growth, 
and  the  skin  not  being  continuous,  spores  that  settle  on  the 
exposed  starch-granules  or  gluten-cells  develope  more  rapidly 
than  would  otherwise  be  the  case.  The  spread  of  mould  in 
grain  containing  but  a  small  percentage  of  broken  corns  is 
something  marvellous.  Idle  corns,  in  which  putrefactive 
instead  of  vital  changes  are  taking  place,  are  a  source  of 
trouble,  by  the  production  of  lactic  and  butyric  acids ;  but  if 
the  skin  be  not  broken,  they  do  not  foster  mould  so  much  as 
the  damaged  kernels.  Nor  does  the  evil  stop  here,  for  though 
healthy  men  may  pass  intact  through  the  most  virulent  con- 
tagion, mould,  which  is  in  many  points  analogous  to  the 
enzymes  of  disease,  seizes  alike  on  the  finest  and  poorest 
kernels,  when  once  they  are  brought  into  the  same  conditions 
of  moisture  and  warmth  on  the  floor,  penetrating  the  starch- 
body  with  its  myceha  and  corrapting  the  whole  bulk. 

3.  Uncleanly  Cisterns,  Floors,  etc. 

It  is,  of  course,  useless  to  purify  the  grain  unless  the  cisterns, 
floors,  walls,  ceilings,  and,  indeed,  every  part  of  the  malting  be 
kept  as  clean  as  possible.  Quicklime,  carbolic  and  salicylic 
acids,  permanganate  of  potash,  sulphurous  acid,  and  bisulphite 
of  hme,  all  form  excellent  antiseptic  washes,  and  the  latter 
can  be  added  with  advantage  to  the  steeping  and  sprinkling 
liquor,  and  also,  upon  occasion,  to  the  floors  at  all  stages  of 
growth.  (See  pp.  46 — 48.)  Cleanliness  at  the  commencement 
of  the  season  is  good,  but  to  insist  upon  its  strict  observation 
throughout  the  year  is  far  better. 

Irregularities  and  cracks  in  floors  are  particularly  objection- 
able as  harbouring  dirt,  enabling  mouldy  kernels  to  lie  undis- 
turbed in  turning,  retaining  stagnant  water,  and  generally 
promoting  the  development  of  mould  and  bacteria. 

4.  Admixture  op  Flinty  with  Kindly  Barleys. 

The  direct  connection  between  mould  and  the  mixture  of 
different  growths  of  barley  before  steeping,  does  not  lie  upon 
the  surface,  and  a  little  thought  is  needed  to  trace  it.  A 
harsh,  coarse,  rough  growth  of  barley,  that  comes  from  a  stiff 
clay  or  cold  soil,  requires  a  different  period  of  steeping  to  that 
required  by  a  small,  fair-skinned,  kindly  barley,  grown  quickly 
upon  a  light  soil.  If  the  two  are  mixed  together,  and  stee{)ed 
in  the  same  cistern,  it  is  inevitable  but  that  either  one  is  in,^ 
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sufficiently  steeped,  or  the  other  is  kept  too  long  in  the  cistern. 
A  practical  maltster  will  usually  prefer  the  former  evil,  for,  in 
his  opinion,  it  is  the  smaller — the  portion  that  has  been  pro- 
perly steeped  grows  duly,  the  oversteeped  or  drowned  com  has 
its  vitality  materially  affected — consequently  it  fells  the  more 
easily  a  prey  to  the  contamination  of  mould. 

Should  the  other  course  be  adopted,  then  the  imperfectly 
steeped  kernels  grow  slowly  and  languidly,  if  they  grow  at  all, 
and  they  also  readily  foster  the^growth  of  disease. 

5.  Infrequbncy  op  Change  of  Stbbp-liquob. 

If  liquor  remains  in  the  cistern  sufficiently  long  to  become 
foetid,  single  spores  of  mould  quickly  propagate.  The  genera- 
tion of  the  lower  forms  of  minute  life  proceeds  generally 
with  startling  rapidity.  When  liquor  is  left  unchanged 
for  a  period  of  twenty  to  forty  hours  (which  frequently 
occurs)  the  spores  will  have  increased  many  thousandfold. 
Unless  the  barley  and  the  atmosphere  have  been  singularly 
pure,  any  long  steeping  must  disseminate  sufficient  germs  to 
cause  much  needless  and  easily-avoided  trouble.  Almost 
everyone  knows  by  experience  the  rapidity  with  which  yeast 
developes  when  placed  in  wort  at  a  temperature  of  90°  Fahr. 
Although  the  increase  of  mould  does  not  proceed  quite  so 
quickly,  nevertheless  it  bears  some  analogy  to  yeast  repro- 
duction. 

By  frequently  renewing  the  Uquor  in  the  cistern  and  well 
rinsing  the  com,  much  of  the  mould  is  carried  away  bodily 
and  its  power  to  do  evil  is  reduced. 

Some  such  system  is  recommended  in  many  of  the  old 
works  on  brewing,  one  of  the  writers  (PoupS)  going  as  far  as 
to  advocate  steeping  in  running  water.  But  whatever  plan  is 
resorted  to,  it  will  be  evident  that  the  present  method  of 
scouring  grain  dry  and  steeping  in  one  or  two  waters,  which 
are  simply  drawn  off,  leaving  a  large  portion  of  the  solid 
impurity  with  the  grain,  is  an  insufficient  and  crude  process. 

The  other  points  in  a  malting  connected  with  this  cause  of 
evil,  which  is,  unfortunately,  very  prevalent,  axe  more  fully 
discussed  in  Chap.  XIX. 

Professor  Huxley,  speaking  of  river  water  at  the  Chemical 
Society,  London,  referred  to  the  power  of  germs  to  produce 
disease.  He  showed  that  infectious  diseases  are  caused  inva- 
riably by  bodies  of  the  nature  of  bacteria.  Bacteria  are  just 
as  much  plants  as  mushrooms  or  cabbages,  so  that  we  know 
under  what  conditions  bacteria  can  live  and  what  they  can  do. 
Bacteria  can  be  sown  in  Pasteur's  solution,  just  as  mustard 
and  cress  can  be  sown  in  the  soil.  If  one  drop  of  Pasteur's 
solution  were  placed  in  a  gallon  of  water,  it  is  doubtful 
whether  its  constituents  could  be  estimated,  but  every  cubic 
inch  of  such  water  would  contain  50,000  to  100,000 
bacteria,  and  one  drop  of  it  could  excite  a  putrefactive 
fermentation  in  any  substance  capable  of  undergoing  that  fer- 
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mentation.  This  shows  that  chemical  analysis  is  not  always 
capable  of  detecting  what  may  be  really  a  deadly  poison  in 
water ;  and  on  the  other  hand,  a  sample  of  water  may  be  che- 
mically gross,  but  yet  harmless  to  health.  These  remarks  are 
especially  applicable  to  diseases  affecting  the  human  body,  but 
they  are  equally  so  to  all  fluids  which  are  susceptible  to  fer- 
mentation and  putrefaction.  The  effects  produced  by  bacteria 
are  so  serious,  and  the  action  of  these  organisms  is  so  insidious, 
that  it  is  alarming  to  be  told  that  chemical  analysis  is  power- 
less to  detect  their  presence.  As  bacteria  are  known  to 
flourish  and  propagate  in  certain  nutritive  media,  we  can  by  a 
chemical  examination  of  a  water  ascertain  its  probable  power 
of  developing  these  organisms,  and  therefore  chemical  analysis 
is  after  cJl  a  valuable  guide  in  the  selection  of  a  sample  of 
water,  whether  it  be  required  for  drinking,  brewing,  malting, 
or  other  industrial  purposes. 

Practically,  few  positions  offer  more  favourable  conditions 
for  the  rapid  development  of  fungoid  organisms  than  steeping- 
cistems  and  growing-floors.  The  conditions  of  hght,  air- 
supply,  moisture,  heat,  and  pabulum  or  soil,  are  all  and 
severally  almost  precisely  those  that  would  be  adopted  if  a 
maltster's  aim  were  the  propagation  of  mould ;  consequently, 
few  other  indostries  are  capable  of  deriving  such  direct  benefit 
from  a  proper  conception  of  what  mould  is,  its  causes  and 
cures. 

6.  Impurity  op  water  used  for  Steeping  and  Sprinkling. 

With  the  almost  universal  tendency  to  attend  to  minor 
matters  and  neglect  the  major,  the  water-supply  is  generally 
the  last  thing  thought  of — if  it  be  considered  at  all — ^in  the  selec- 
tion of  the  site  of  a  malting.  Generally,  the  building  is  erected, 
and  the  inquiry  as  to  possible  source  of  water  left  till  the  last. 
Consequently,  in  memy  cases,  very  bad  water  is  used.  Where 
it  is  drawn  from  a  covered  well,  or  stiU  better,  a  bore-hole  lined 
with  tubeSy  it  is  not  hkely  to  contain  spores  or  germs  of  mould 
or  bacteria,  unless  there  is  direct  connection  between  the  well 
and  some  source  of  organic  impurity.  But  surface  water,  no 
matter  how  free  it  may  be  &om  putrefying  matter,  as  shown  by 
the  tests  now  in  vogue  among  analysts,  may  yet,  and  in  ninety- 
nine  cases  out  of  a  himdred  does,  contain  many  vital  germs 
and  spores,  which  require  only  a  conjunction  of  suitable 
nourishment  and  congenial  temperature  to  develope  their 
destructive  powers. 

Even  if  water  contains  no  such  germs,  the  salts  (nitrates, 
phosphates,  &c.),  which  may  have  been  derived  from  organic 
contamination,  favour  the  development  of  mould  and  like 
organisms,  of  which  a  sufficient  stock  is  invariably  adherent  to 
the  grain  itself.  It  has  been  claimed  for  such  waters  that  these 
salts  foster  the  growth  of  the  embryo,  but  in  the  first  place  the 
germ  of  every  grain  contams  just  the  saline  nutriment  that  the 
embryo  requires,  without  the  adventitious  aid  of  dirty  water ; 
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in  the  second  place,  by  the  use  of  such  water  we  foster  detri- 
mental life  to  a  much  greater  extent  than  that  of  the  barley ; 
and  thirdly,  such  water  rarely  fails  to  take /rai?i  the  grain  some 
of  the  salts  essential  to  its  growth.     (See  Chap.  Y.) 

Varieties  of  Mould. 

Unlike  higher  plants,  moulds,  and  fungi  in  general,  have  no 
power  of  assimilating  inorganic  matter,  but  exist  on  the  de- 
composition of  previous  organisms,  either  whilst  still  living,  as 
mildew,  rust,  smut,  &c.,  or  after  death,  as  mould,  yeast,  &c. 
They  not  only  thrive  upon  matter  spontaneously  produced  by 
the  object  of  their  parasitism,  but  by  carrying  into  it  atmo- 
spheric oxygen  in  their  myceUal  tubes,  promote  the  decompo- 
sition by  which  they  benefit.  Some  have  a  two-fold  system  of 
reproduction,  sexual  and  non-sexual,  alternating  generations 
being  produced  by  each ;  the  spores  produced  by  a  union  of 
two  individuals  developing  mycelia,  which'  throw  off,  indepen- 
dently, non-sexual  spores,  of  which  the  mycelia  again  conjugate, 
and  so  on. 

Some  of  those  forms  that  are  parasitic  on  the  living  plant 
oscillate  between  widely  diverse  vegetable  species,  and  vary 
greatly  in  appearance  in  their  alternate  generations.  Thus  the 
wheat-rust  and  barberry-rust  are  recognised  as  the  same  species, 
living  alternately  on  the  barberry  and  on  wheat,  and  presenting 
wholly  different  appearances  in  each  case. 

Mildew. 

Mildew  in  barley  is  favoured,  in  the  opinion  of  Mr.  Mechi,* 
by  too  thick  sowing  and  consequent  early  laid  crops.  "  The 
"  densely  packed  mass  of  plants,  weak  below,  tumbles  down 
"  flat,  or  twisted  in  various  directions  by  winds  and  thunder 
"  storms,  and  thatches  the  earth,  so  that  while  rain  can  pass 
"  through  the  thatch,  the  wet  earth  is  shaded  from  the  action 
"  of  the  sun  and  air,  and  becomes  in  the  like  condition  to  a 
"  damp  and  dark  cellar,  where  mildew  and  fdngi  flourish. 
"  "When  crops  stand  erect,  there  is  free  circulation  of  air  and 
"  access  of  light,  and  free  evaporation  of  moisture  from  the 
"  earth.  Drainage  also  influences  this,  and  so  does  the  absence 
"  of  trees  and  fences." 

Brefeldf  has  very  fully  described  the  large  variety  of  moulds, 
etc.     Those  occurring  in  grain,  malt,  etc.,  are : — 

Mucor  mucedo.  Eurotium  aspergiUus. 

M.  racemosus.  Penicillium  glaucum. 

M.  stolonifer. 

The  first  and  last  of  these  are  the  maltster's  greatest  enemies, 
their  development  tending  to  suppress  the  others.     As  their 

•  J.  J.  MiOHX,  Profitable  Fanning,  p.  339. 
t  Untenuohungen  liber  Schimmelpilxe. 
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{>re8ence  in  the  state  of  spores  is  scarcely  perceptible  with  a 
ess  magnifying  power  than  300  linear,  and  their  myceUa  are 
quite  visible  after  a  few  hoars'  development,  it  is  mmecessary 
here  to  describe  their  microscopic  appearances,  especially  as  all 
are  alike  objectionable. 

Pbbvention  of  Mould. 

I  have  already  mentioned  various  precautions  to  be  taken 
against  mould,  viz.,  rejection  of  visibly  mouldy,  mixed,  and 
damaged  barley ;  thorough  screening,  brushing,  and  washing 
of  gram ;  cleansing  (and  keeping  clean)  cisterns  and  all  other 

!)arts  of  the  malting ;  frequent  or  continuous  change  of  steep- 
iquor;  attention  to  nature  of  water  used  for  steeping  and 
sprinkling,  and  of  air  admitted  to  the  building,  and  the  use, 
when  necessary,  of  antiseptic  substances.  In  respect  of  the 
last  point  I  may  add  that  some  have  advocated  the  use  of 
hydrochloric-acid  gas,  evolved  by  heating  a  mixture  of  salt 
and  sulphuric  acid.  The  hydrochloric  vapour  is  not  so  effica- 
cious as  chlorine  or  sulphurous  acid,  but  is  less  irrespirable, 
and  is  more  rapidly  absorbed  by  moist  surfaces  or  water. 

Chlorine  is  readily  evolved  from  a  mixture  of  hy^ochloric 
acid  and  binoxide  of  manganese  (spirits  of  salt  and  black  man- 
ganese), and  sulphurous  acid  is  formed  by  simply  burning 
sulphur. 

btrict  attention  should  be  given  to  the  ventilation  of  the 
growing-floors.  Any  accumulation  of  the  carbonic  acid  gas 
evolved  from  the  grain  induces  stagnation  in  growth  by  ex- 
clusion of  oxygen,  and  at  the  same  time  implies  rise  of  tem- 
perature, increasing  evaporation,  and  other  conditions  favouring 
mould-development. 

The  turning  of  the  floors  should  be  thoroughly  executed,  as 
it  not  only  tends  to  destroy  the  mould  by  breaking  the  mycelia, 
but  the  disturbance  sweeps  away  those  that  may  be  com- 
mencing operations  on  the  exterior  of  sound  grain.  The  evil 
of  irregularities  and  cracks  in  the  floors  has  been  already 
referred  to,  and  the  action  of  heat,  light,  and  air  has  been  dealt 
with  by  me  in  numerous  places  throughout  this  book. 

The  high  temperature  of  the  kiln,  whilst  destroying  all  mould 
that  is  in  course  of  development,  has  probably  little  effect  on 
ripe  spores,  unless  applied  while  the  malt  is  still  moist.  Such 
treatment,  however,  produces  still  greater  evils  than  mould. 
If  the  drying  be  thorough,  many  of  the  spores  are  removed  in 
screening,  and  such  as  remain  cannot  develope  unless  the 
storage  is  defective  and  damp,  and  the  percentage  of  the 
moisture  left  in  the  malt  is  sufficiently  large  to  foster  fungoid 
growth.  It  is  difficult  to  determine  the  precise  percentage  that 
suffices,  but,  so  far  as  our  knowledge  yet  extends,  it  is  fair  to 
assume  it  to  be  at  or  about  4  per  cent. 

In  writing  the  last  page  of  this  book,  the  sense  of  relief  at 
the  completion  of  so  heavy  a  task  is  modified  by  the  fear  that 
the  true  spirit  that  has  impelled  me  forward  during  the  many. 
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many,  weary  boars  it  has  caused  me,  will  not  be  appreciated 
or  understood.  I  bave  aimed  to  benefit  tbe  craft  of  malt- 
making,  and  to  improve  tbe  character  of  malt.  I  trust  tbat 
all  maltsters  may  gather  something  of  use  or  value  here  and 
there  from  its  pages,  and  I  hope  the  plainness  of  speech  in- 
dicating detestation  of  all  that  is  mean,  false,  ignorant,  and 
dirty,  will  in  no  case  be  apphed  individually,  but  be  accepted 
in  a  wide  general  sense. 
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Country  Brewers^  Gazette. — ^The  Coimtry  Brewers'  Gazette.  Hop  and 
Malt  Trades'  Chronicle.  The  Official  Organ  of  the  Country 
Brewers'  Society.     London. 

Denhschr.  k.-hay.  Ah.  Wiss. — Denkschriften  der  koniglich-baierische 
Akademie  der  Wissenschaften.    Munich. 

Edin.  N.  Phil.  Journ. — The  Edinburgh  New  Philosophical  Journal, 
exhibiting  a  Yiew  of  the  Progress  in  Natural  Philosophy, 
Chemistry,  Natural  History,  Comparative  Anatomy,  Practical 
Mechanics,  Geography,  Navigation,  Statistics,  and  the  Fine  and 
Useful  Arts.    Edinburgh. 

Electr.  Mag. — The  Electrical  Magazine.     London. 

Engineer. — ^The  Engineer,     fo.     London. 

Entom.  Zeit. — ^Entomologische  Zeitung.     Stettin. 

Flora. — Flora  oder  allgemeine  botanische  Zeitung ;  herausgegeben  von 

der  koniglich-bayerischen  botanischen  Gesellschaft.     Ratishon. 
Gamhrinus. — Gambrinus.     Vienna  ? 
Gasa.  Chim.  Ital. — Gazzetta  Chimica  Italiana.     Palermo. 

Gel.  anz.  h.  hay.  Ah.  wiss. — Gelehrte  Anzeigen  der  kon.  bayerische 
Akademie  der  Wissenschaften.    Munich. 

Giom.  Arcad.  Sci. — Gtiomale  Arcadice  di  Scienze.     Rome. 

Giom.  Farm. — Giomale  di  Farmacia,  Chimica,  e  Scienze  Accessorie, 
ossia  Baccolta  delle  Scoperte,  retrovate  e  miglioramente  f atte  in 
Farmacia  ed  in  Chimica.    Milan. 

Giom.  Fis.  Chim.  St.  Nat — Giomale  di  Fisica,  Chimica  e  Storia  Natu- 
rale,  Medicina  ed  Arti  del  Begno  Italico.     4to.     Pavia. 

Hedwigia. — Hedwigia;  ein  Notizblatt  fiir  Kryptogamische  Studien, 
nebst  Bepertorium  fiir  Kryptogamische  LLteratur.     Dresden. 

Hooker*s  Journ.  Bot. — ^Hooker*s  Journal  of  Botany,  and  Kew  Gardens 
Miscellany.     London. 

Intell.  Ohserver. — ^The  Intellectual  Observer:  a  Eeview  of  Natural 
History,  Microscopic  Besearch,  and  Becreative  Science.     London. 

Iron, — ^Iron :  the  Journal  of  Science,  Metals,  and  Manufactures,  with 
which  is  incorporated  the  Mechanic's  Mag^azine.     fo.     London, 
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Isi9,  Encyel.  Zeit, — ^Isis,  oder  Emydopadische  Zeitung.     4to.    Jena. 

Jahrh,  Bot. — See  Jahrh.  tcisi.  Botan. 

Jahrh.  Chem.  Phys. — Jakrbuch  der  Chemie  iind  Phjsik.     Xwremherg, 

Jahrh,  veins.  Botan. — Jahrbucli  f iir  wiEsenfichaftliche  Botanik.     Berlin. 

Jahrenh.  k.  Centr.  Sch.  Wiehemtephan. — Jahresbericht  der  k.  Central- 
Schule  zu  "Wiehenstephan. 

Jdhre%h.  not.  Ges.  Brunn. — Jahresheft  der  natnrwissenschaftlichen 
Section  der  kais.-kon.  malmsch-schlesischen  Gesellschaft  fiir 
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Jahresh.  Oe^terr,  Brauer.  Schule. — Jahresberichte  derErste  Oesterreichis- 
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wissenschaft.     Leipzig. 
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Joum.  Agric.  Soc.  India. — Journal  of  the  Agricultural  and  Horticul- 
tural Society  of  India.     Calcutta. 

Joum.  Bath  W.  Engl.  Soc. — Journal  of  the  Bath  and  West  of  England 
Society  and  Southern  Counties  Association  for  the  Encouragement 
of  Agriculture,  Arts,  Manufactures,  and  Commerce.    Bath. 

Journ.  Bot. — Journal  of  Botany,  English  and  Foreign.     Zondim. 

Journ.  Brass. — Journal  des  Brasseurs.     Brussels. 

Joum.  Chem.  Phys. — Journal  [oder  Jahrbuch]  der  Chemie  und  der 
Physik.     8vo.    Nuremberg. 

Joum.  Chem.  Phys.  Min. — Journal  fiir  die  Chemie  imd  Physik  und 
Mineralogie.     Berlin. 

Joum.  Chem.  Soc. — Journal  of  the  Chemical  Society.     London, 

Joum.  Chim.  Med. — Journal  de  Chimie  Medicale,  de  Pharmacie  et  de 
Toxicologie  et  Hevue  des  Nouvelles  scientiflques  nationales  et 
6trang^re8.    Paris. 

Joum.  de  Bot. — Journal  de  Botanique ;  par  une  Societ<^  de  Botanistes. 
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Journ.  Hortic.  Soc. — ^The  Journal  of  the  Horticultural  Society  of 
London.     London, 

Joum.  Landw. — Journal  fiir  Landwirthschaft. 

Journ.  M6d. — Journal  hebdomadaire  de  M6decine.    Paris. 

Journ.  MM.  Loire  Infir. — Journal  de  la  Section  de  M6decine  de  la 
Sociote    Academique    du    Departement  de  la  Loire  Inf^rieuie. 

Nantes. 

Journ.  Nat.  Phil.  Chem.  Arts. — Journal  of  Natural  Philosophy 
Chemistry  and  the  Arts.     4to.    London. 

Journ.  Pharm. — Journal  de  Pharmacie,  et  des  Sciences  Accessories, 
Paris. 

Joum.  Pharm.  Apothek. — Journal  der  Pharmacie  fur  Aerzte  und 
Apotheker.    Leipzig. 

Journ.  Phys. — Journal  de  Physique  de  Chimie,  d'Historie  Naturelle  et 
des  Arts.     4to.     Paris. 

Joum.  prakt.  Chem. — Journal  fiir  praktische  Chemie.     Leipzig. 

Journal  R.  Agric.  Soc. — Journal  of  the  Boyal  Agricultural  Society  of 
England.     London. 

Journ.  R.  Dublin  Soc. — Journal  of  the  Boyal  Dublin  Society.     Dublin. 
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Journ,  R,  Inst. — Journal  of  the  Eoyal  Institution  of  Qreat  Britain. 
London. 

Journ.  R.  Mierosc.  Soe. — Journal  of  the  Eoyal  Microscopical  Society, 
containing  its  Transactions  and  Proceedings ;  with  other  Micro- 
scopical and  Biological  information.     London. 

Journ.  Soe.  Arts. — Journal  of  the  Society  of  Arts.    London. 

Journ.  Soc.  Chem.  Industr. — Journal  of  the  Society  of  Chemical  Industry. 
London. 

Journ.  techn.  Chem. — Joumel  f  iir  technische  und  okonomische  Ghemie. 
Leip%%g. 

Landw.  Centr.  Deutsch.  —  Landwirthschaftliches  Oentralblatt  fiir 
Deutschland. 

Landw.  Jahrh. — ^Landwirthlicher  Jahrbuch. 

Landw.  Versueha.  Stat. — ^Die  Landwirthschaftlichen  Yersuchs-Stationen. 
Organ  fiir  wissenschaftliche  Forschungen  auf  dem  Oebiet^  der 
Landwirthschaft.    Dresden  and  Chemnitz. 

Lea  Mondes. — ^Les  Mondes,  Bevue  hebdomadaire  des  Sciences  et  de 
leurs  applications  aux  Arts  et  4  I'Industrie.     Parte. 

Ltnnaa. — ^linnsea;  ein  Journal  fiir  die  Botanik  in  ihrem  ganzen 
Umfange.    Berlin. 

L^Inatitut. — ^L'lnstitut,  Journal  des  Academies  et  Societes  Scientifiques 
de  la  France  et  de  I'Etranger.    fo.     Paris. 

Maandhl.  Natuurto. — ^Maandblatt  voor  Natuurwetenschappen. 

Mag.  Qes.  Nat.  Freunde  Berlin. — Magazin  der  OeseUschaft  natur- 
forschender  Gesellschaft  in  Berlin  fiir  die  neuesten  Entdeckung^n 
in  der  gesammten  Naturkunde.     4to.     Berlin. 

Mag.  Nat.  Hist. — The  Magazine  of  Natural  History,  and  Journal  of 
Zoology,  Botany,  Mineralogy,  Geology  and  Meteorology.    London. 

Mag.  Pharm. — Magazin  fiir  Pharmacie,  Botanik  und  Materia  Medica. 
Halle. 

Mag.  Zust.  Naturh. — ^Magazin  fiir  den  neuesten  Zustand  der  Natur- 
kunden,mitBiicksicht  auf  diedazugehorigen  HiilEswissenschaften. 
Jena. 

Mechan'Eng. — Mechanical  Engineering,     fo.     L(mdon. 

Med.  Chem.  Uhters. — Medicinisch-chemischenUntersuchungen. 

Medd.  Carlsh.  Lahorat. — ^Meddelelser  fra  Carlsbergs  Laboratoriet. 
Copenhagen. 

Mem.  Ace.  Agric,  Verona. — ^Memorie  dell'  Accademia  di  Agricoltura  di 
Verona.     Verona. 

Mdm.  Ac.  Berlin. — ^M6moires  de  TAcademie  Boyale  des  Sciences  de 
Berlin.     4to.    Berlin. 

Mim.  Ac.  Imp.  Set.  St.  Petersburg. — M6moires  de  T Academie  Imperiale 
des  Sciences  de  St.  P6tersbourg.     St.  Petersburg. 

Mem.  Ac.  Metz. — Memories  de  TAcademie  des  Sciences  de  Metz.    Metz. 

Mem.  Ac.  MontpeUier. — ^Memoires  de  la  section  des  Sciences  de 
I'Academie  des  Sciences  et  Lettres  de  MontpeUier.     MontpeUier. 

M^m.  Ac.  Sei.  Paris. — Memoires  de  TAcademie  des  Sciences.     4to. 

Paris.  , 

Mim.  Ac.  Stanislas. — Academie  de  Stanislas.     M6moires  de  la  Soci6t6 

des  Sciences,  &c.,  de  Nancy.     Nancy. 
Mim.  Ac.  Toulouse. — ^Memoires  de  I'Academie  des  Sciences,  Inscriptions 

et  BeUes-Lettres  de  Toulouse.     Toulottse. 
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Mem.  Chem,  8oe. — ^Memoirs  and  Proceedings  of  the  Chemical  Society 
of  London.     London. 

Mim.  Cour.  Ac.  Roy.  Belg. — Memoirs  conronn^s  et  autres  M6moires 
publies  par  1' Academic  Eojale  des  Sciences  .  .  .  .  de  Belgique. 
4  to.     Brussels. 

Mhn.  Inst.  Paris. — ^M^moires  de  la  Classe  des  Sciences  Mathematiques 
et  Physiques  de  Flnstitut.     4to.     Farts. 

Mem.  Lit.  Phil.  Soc.  Manch. — Memoirs  of  the  Literary  and  Philosophical 
Society  of  Manchester.     Manchester. 

MSm.  Med.  Chir.  Pharm. — ^Memoires  de  la  M^decine,  de  la  Chirurgie  et 
de  la  Pharmacie. 

Mem.  Med.  Milit. — ^Becueil  de  Memoires  de  Mededne,  de  Chirurgie,  et 
de  Pharmacie  Militaires,  redige  sous  la  Surveillance  du  Conseil 
de  Sante.     Paris. 

M^m.  Mm.  Hist.  Nat.  Paris. — ^Memoires  du  Museum  d'Histoire  Natu- 
relle.     4to.     Paris. 

Mem.  R.  Ac.  Sci.  Torino. — Memorie  della  Eeale  Accademia  delle 
Scienze  di  Torino.     Turin. 

Mem.  R.  1st.  Lomh. — ^Memorie  del  Eeale  Istituto  Lombardo  di  Scienze 
e  Lettere.     Milan. 

Mem.  Sci,  Dep.  Univ.  T5ki6. — Memoirs  of  the  Science  Department  of 
the  University  of  Tokio.     4to.     Tokio. 

Mim.  Soc.  Agric.  Aube. — Memories  de  la  Societe  d* Agriculture,  des 
Sciences;  et  des  Lettres  du  Departement  de  TAube.     Troyes. 

M^m.  Soc.  Agric.  Douai. — ^Memoires  de  la  Societe  d' Agriculture,  de 
Sciences,  et  d'Arts  seant  &  Douai.     Douai. 

Mhn.  Soc.  Agric.  Mende. — Memoires  et  Analyses  des  Travaux  de  la 
Societe  d* Agriculture,  Commerce,  Sciences,  et  Arts  de  la  Ville  de 
Mende,  Departement  de  la  Lozere.     Mefide. 

Mem.  Soc.  Biol.  Paris. — Comptes  Bendus  des  Stances  et  M6moires  de 
la  Societe  Biologique.     Paris. 

Mem.  Soc.  Centr.  Agric.  France. — Memoires  de  la  Societe  Centrale 
d' Agriculture  de  France. 

Mem.  Soc.  Emul.  Camhrai. — M6moires  de  la  Soci6te  d'Emulation  i 
Cambrai.     Camhrai. 

Mem.  Soc.  Ital.  Sci.  Modena. — Memorie  di  Matematica  e  di  Fisica  delta 
Sociotd  Italiana  delle  Scienze  residente  in  Modena.    4to.    Modena. 

M6m.  Soc.  Linn.  Norm. — Memoires  de  la  Societe  Linneenne  de  Norman- 
die.     Paris.  ♦ 

Mem.  Soc.  Phys.  Hist.  Nat.  Geneve. — Memoires  de  la  Societe  de  Physique 
d'Histoire  Naturelle  de  Geneve.     Geneva. 

Mem.  Soc.  Sci.  Ayr.  Arts.  Lille. — Memoires  de  la  Societe  des  Sciences, 
de  TAg^iculture  et  des  Arts  do  Lille.     Paris. 

Mem.  Soc.  Sci.  Phys.  Nat.  Bordeaux. — Memoires  de  la  Societe  dea 
Sciences  Physiques  et  Naturelles  de  Bordeaux.     Bordeaux. 

Mem.  Soc.  Sci.  Nat.  Seijie-et-  Oise. — Momoires  de  la  Soci6te  des  Sciences 
Naturelles  de  Seine-et-Oise.      Versailles. 

Man.  Soc.  Sci.  Strasbourg. — Memoires  de  la  Societe  des  Sciences 
Naturelles  de  Strasbourg.     4to.     Strasburg. 

Micr.  Journ. — ^The  Monthly  Microscopical  Journal,  Transactions  of  the 
Eoyal  Microscopical  Society,  and  record  of  histological  research  at 
home  and  abroad.     London. 
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Mier.  Joum,  Struct.  Ree. — ^The  Microscopical  Journal  and  Structtiral 
Becord.    Zandan. 

Millers^  Gazette. — The  Millers'  Gazette  and  Oom  Trade  Journal.  4to. 
London. 

Mitth.  k.'h.  mahT'Sehles.  Ges.  )  Mittheilungen  der  kaiserlich-koniglicher 
Mitth.   Nat.  Ges.  Briinn.       )  mahrisch-schlesiBcher    Gesellschaft    zur 

Bel orderung  des  Ackerbaues,  der  Natur-  und  Landeskunde.    4to. 

Briinn. 

Mitth.nat.  Ges.  Bern. — ^Mittheilungen  der  naturforachenden  Gesellschaft 
in  Bern.    Berne. 

Monatsh.  k.-preuss.  Ah.  Wiss. — Monatsberichte  der  koniglich-preus- 
sichen  Akademie  der  Wissenschaften  zu  Berlin.    Berlin. 

Monatsh.  Chem. — ^Monatshefte  fur  Chemie  und  yerwandte  Theile 
anderen  Wissenschaften.     Vienna. 

Ifoniteur  Scient. — ^Le  Moniteur  Scientifique.    Brussels  f 

Mus.  Senckenb. — ^Musaeum  Senckenbergianum.  Abhandlunger  ausdem 
Gebiete  der  Beschreiben  den  Natiurgeschichte.     4to.     Frankfort. 

Mus.  Wiss.  Nat. — ^Museum  des  Neuesten  und  Wissenwiirdigsten  aus 
dem  Gebiete  der  Naturwissenschaft,  der  Kiinstei  der  Fabriken, 
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N.  allg.  Joum.  Chem. — ^Neues  allgemeines  Journal  der  Chemie.  Leipzig. 

Nat.  Tijdsehr.  Ned-Ind. — ^Natuurkundiff  Tijdschrift  voor  Nederlandsch 
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Bataoia. 
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Sciences  de  Strasbotirg.     Strasburg. 
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Ofv.  Finska.  Vet-Soc.  Forh. — Ofversigt  af  Pinska  Yetenskaps-Socie- 
teten  Porhandlingar.     Melsingfors. 
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Ofv,  k.  Svenska.  Vet.-Akad.  Ibrhandl, — Ofversigt  af  Kongl.  Svenska 
Yetenskaps-AkademienB  Forhandlingar.     Stockholm. 
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Rev.  Cours.  Sci. — ^Revue  des  Conrs  Scientifiques  de  la  France  et  de 
TEtranger.    4to.     Paris. 

Rev.  Mag.  Zool. — ^Revue  et  Magasin  de  Zoologie.     Paris. 

Rev.  Univ.  Brass.  Malt. — Eevue  Uniyerselle  de  la  Brasserie  et  de  la 
Malterie.     Paris  and  Brussels. 

Scheik.  Verhand. — Scheikimdige  verhandelingen  en  onderzoeldngen. 
Rotterdam, 

Sehr.  Ver.  Nat,  Kenntn.  JFien. — Schriften  des  Vereines  zur  Verbreitung 
I^atnrwissenschaftlicher  Kenntnisse  in  Wien.     Vienna. 

Siti.  Isis.  Dresden.  —  Sitzungs-Berichte  der  naturwissenschaftlichen 
Qesellschaft  Isis  in  Dresden.     Dresden. 

Siti.  k.  ak.  Wiss.  Wien. — Sitzungsberichte  der  mathematisch-natur- 
wissenschaftlichen  classe  derlLaiserlichen  Akademie  der  Wissen- 
chaften  der  Wien.     Vienna. 

Sitz.  k.'hdhm.  Oes.  Wiss. — Sitzungsberichte  der  koniglichen-bohmischen 
G^sellschaft  der  Wissenschaften.    Prague. 

Sitz.  nat.  Oes.  Salle. — Sitzungsberichte  der  naturforschenden  Gesell- 
schaft  zu  Halle.     4to.    Malle. 

Sitz.  Ver.  Befdrd.  Oewerhefl. — Sitzungsberichte  des  Vereins  f  iir  Bef  orde-  , 
rung  des  Q^werbefleiss.    Berlin  f 

Trans.  Adelaide  Phil.  Soc. — Annual  Report  and  Transactions  of  the 
Adelaide  Philosophical  Society.     4to.    Adelaide. 

Trans.  Agric.  Soc.  N.  York. — Transactions  of  the  Society  instituted  in 
the  State  of  New  York  for  the  Promotion  of  Agriculture,  Arts, 
and  Manufactures.    New  York. 

Trans.  Amer.  Chem.  Soc. — ^Transactions  of  the  American  Chemical 
Society.     New  York. 

Trans.  Amer.  Inst. — ^Transactions  of  the  American  Institute.     Boston. 

Trans.  Amer.  Phil.  Soc. — ^Transactions  of  the  American  Philosophical 
Society,  held  at  Philadelphia,  for  Promoting  Useful  Knowledge. 
4to.     Philadelphia. 

Trans.  Bot.  Soc.  Edinh. — ^Transactions  and  Proceedings  of  the  Botanical 
Society  of  Edinburgh.     Edinburgh. 

Trans.  Devon,  Assoc. — ^Transactions  of  the  Devonshire  Association  for 
the  Advancement  of  Science,  Literature,  and  Art.     Plymouth. 

Trans.  Highland  Soc. — ^Prize  Essays  and  Transactions  of  the  Highland 
Society  of  Scotland.     Edinburgh. 

Trans.  Hortie.  Soc. — Transactions  of  the  Horticultural  Society  of 
London.     4to.     London. 
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Drans.  Linn,  Soc, — ^TranBactions  of  the  Linnean  Society.    4to.    Xofu^M. 

TranB,  N,  York  Agrie.  Soc,  see  TraiM,  Agrie,  Soc.  iV.  York. 

Trans,  N.  York  Med,  Soc. — Transactions  of  the  Medical  Society  of  the 
State  of  New  York.    Albany. 

Tram.  JR.  Comw.  Pol.  Soc. — ^Annual  Eeports  (and  Transactions)  of  the 
Eoyal  Cornwall  Polytechnic  Society.     Falmouth. 

Trans.  JR.  Jificr.  Soc. — ^Transactions  of  the  Eoyal  Microscopical  Society. 
London. 

Tram.  R.  Soc.  Edinl. — ^Transactions  of  the  Boyal  Society  of  Edinburgh. 
4to.     Edinburgh. 

Tram.  Soc,  Eng. — Transactions  of  the  Society  of  Engineers.    JLondon. 

Tram.  Tyneside  Nat.  Club. — ^Transactions  of  the  Tyneside  Naturalists' 
Field  Club.     Newcastle. 

Trav.  Ac.  Sci.  Caen, — Rapport  General  sur  les  Travaux  de  I'Academie 
Imperiale  Naturelle  des  Sciences,  Arts,  et  Belles-Lettres  de  Caen. 
Caen. 

Uebers,  Schles.  Ges. — Uebersicht  der  Arbeiten  und  Veranderunffen 
der  Schlesischen  Gesellschaft  f iir  vaterlandische  Cultur.     Breslau. 

Univ.  Coll.  Lect, — University  College  Lectures.    L(mdcfn. 

Verh.  bot.  Ver.  Brandenburg, — ^Yerhandlungen  des  Botaniachen  Yereins 
fiir  die  Frovinz  Brandenbiurg  und  die  angrenzenden  Lander. 
Berlin. 

Verh,  k,'k,  zool.-bot,  Ver.  Wien, — Verhandlungen  des  Kaiserlich-Konig- 
Hcher  zoologisch-botanischer  Yereins  zu  Wien.     Vienna. 

Verh.  Nat,  Ges.  Basel, — ^Verhandlungen  der  Schweizerischen  natur- 
forschenden  Gesellschaft  bei  ihrer  Yersammlung  zu  Basel.    BasU. 

Verh.  nat,  Ver.  preuss.  Rheinl,  JVestph, — ^Yerhandlungen  des  natur- 
historischen  Yereins  des  preussischen  Eheinlande  und  West- 
phalens  [including  Sitzungsberichte  and  Correspondenn-Blatt^ 
Bonn. 

Verh.  phys.-med.  Ges,  Wiirzburg, — ^Yerhandlungen  der  physikalisch- 
medicinischen  Gesellschaft  in  Wiirzburg.     JVurtemberg, 

Vierteljahresschr.  techn.  Chem, — Yierteljahresschrift  fiir  technische 
Chemie,  landwirthschaftliche  Gewerbe,  Eabrikwesen  und  Ge- 
werbetreibende  iiberhaupt.     Qucdlinburg, 

Vierteljahrsschr,  Med, — Yierteljahrsschrift  fiir  gerichtliche  und  6£Eent> 
liche  Medicin.     Berlin. 

Western  Brewer. — The  Western  Brewer  (Der  Westliche  Brauer)  and 
Journal  of  the  Barley,  Malfc,  and  Hop  Trades.  Chicago  and  New 
York. 

JVochenschr.  Bierbr. — Wochenschrift  fiir  Bierbrauerei. 
Zeitschr.  Akklim. — Zoitschrif t  fiir  AlLklimatisation.     Berlin, 

Zeitschr,  allg.  Erdk, — ^Zeitschrift  fiir  allgemeine  Erdkunde  der  Geaell- 
schaft  fiir  Erdkunde.     Berlin, 

Zeitschr.  anal.  Chem, — Zeitschrift  fiir  analytische  Chemie.     Wiesbaden. 

Zeitschr,  Brauind.  Ver.  Kon,  Bohm, — Zeitschrift  des  Brauindustrie- 
Yereins  im  Konigreich  Bcihrnen.     4  to.     Prague. 

Zeitschr.  gesammt.  Brauw. — Zeitschrift  fiir  das  gesammte  Brauweeen. 
Munich, 
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Zinlschr.  gesammt,  Nat. — Zeitschrift  fiir  die  gesammten  Naturwissen- 
Bchaften.  Originalabhandlim^n  imd  monatliches  Eepertorium 
der.  literatur  der  Afitronomie,  Meteorologie,  Fhysik,  Chemiey 
Geologie,  OTyktognosie,  Falseontologiei  Botanik  und  Zoologie. 
Berlin, 

ZetUehr.  Parasit — ^Zeitschrift  fiir  Farasitenkunde.    Salle. 

ZeiUehr.  phyetol.  Chem.- — ^Zeitschrift  fiir  die  phjsiologische  Chemie. 

Zettsehr.  Spiritus-ind. — Zeitschrift  fiir  Spiritus-indiistrie.     Berlin. 

ZfiUchr.  Ver.  deutseh.  Spiritusfahr, — ^Zeitschrift  des  Yereios  deutscher 
Spiritusfabrikanten. 

Ziva. — Ziva;  Casopis  przfrodnicky.    Prague. 
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LIST  OF  PATENTS. 

The  titles  of  the  following  List  of  Patents  referring  to  Malting 
and  Brewing  have,  for  economy  of  space,  been  reduced  to  the 
narrowest  limits  consistent  with  definition  of  the  subjects. 
Up  to  October  1852,  the  numbers  of  Patents  were  consecutive. 
From  the  coming  into  operation  of  the  Patent  Law  Amend* 
ment  Act,  1852,  numbering  is  recommenced  each  year. 

1634.  No.   7lB.  Page,  N Malt-kiln. 

„       ,,        75.  P&nsEN,n.,&H.STBACH7  Malt-kiln. 

1635.  „        78.  Eamsay,  D.,  M.  Abnolb, 

and  G.  Ayliffe Bottline. 

,,        „        85.  Halse,  Sir  N Malt-kun. 

1636.  „        90.  Broitncker,  Sir  W Brewing. 

„       „        93.  Ltndsey,  E.,  &  J.  HoBART  Coppers. 
„        ,,        98.  Peyton,  T.,W.WnxiAM8, 

W.  Bkownino,  and  J. 

Jones    Coking  Coal. 

1637.  „      102.  Be&ks, Thomas, Earle of. .  Malt-kilns. 
1660.     „      129.  Frank,  T Coppers. 

1698.  „  358.  Groves,  J.,  and  T.  Eeeve  Malt-kiln. 

1699.  ,,  361.  Shallcrosse,  J Kiln-tiles. 

1711.  „  387.  Nasmith,  J Fermentation. 

1713.  „  394.  Bird,  M Malt-kiln. 

1720.  „  429.  Busby,  J Malt-kiln. 

,,        ,,      430.  Desaguliers,    J.   T.,    D. 

NiBLET,  and  W.  Yreem  Steam-boiling. 

1723.  ,,      455.  Sheldon,  E Compressing  Hops. 

1724.  „      462.  HmES,  H Coppers. 

1728.  ,,  505.  Payne,  J Furnaces. 

1729.  „  513.  Allen,  J Malt-kiln. 

1736.  ,,  555.  Payne,  J Brewing-pans. 

1743.  ,,  594.  SouTHGATE,  J Metal  erowing-floors. 

1745.  „  612.  Kay,  J.,  and  J.  Stell    . .  Malt-kiln.     [Oatmalt,  &c. 

1748.  ,,  629.  Pickering,  E Distillation  of  Pulse  with 

1753.  „  675.  Wilkinson,  I Malt-rolls. 

1760.     „      749.  Jackson,  H British  Isinglass. 

1768.  ,,      896.  Meikl£,A.,  &  E.Mackell  Malt-screen. 

1769.  „      918.  WiLLDAY,  S Malt-kiln. 

1773.  ,,  1,056.  Chbysel,  C Brewing-pans. 

1774.  „  1,090.  Watson,  S Malt-mill. 

1778.  „  1,190.  Thornton,  E Concentrated  Wort 

1779.  „  1,214.  Deabman,  E Malt-rolls. 

1,225.  Narbbll,  I Boiler-coating. 
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1780.  No.  1,259.  Dicas,  J Hydrometer. 

1783.  „  1,395.  Clabkb,  E Malt-kiln. 

1784.  „  1,455.  Wood,  S.  T Steam-boiler. 

1785.  „  1,477.  Phillips,  J Furnace. 

1786.  „  1,667.  Taylok,  W Malt-mill. 

1787.  „  1,590.  Eedtecke,  J Boiler. 

,,  „  1,611.  Walksb,  J Mashing-rake. 

1788.  „  1,641.  BIer,  W Condensing  Copper  Steam. 

1789.  „  1,685.  HowsoN,  M Fuel-economy. 

1790.  ,,  1,754.  LoNQ,  J Mashing-system. 

„  „  1,769.  Harris,  T.,  and  J.  Long.  .  Befrigerator. 

1791.  „  1,826.  Hare,  E Condensing  Copper  Steam. 

1792.  „  1,877.  Whitmorb,   W Mashing-rake. 

1793.  ,,  1,965.  BiLEY,  E Mashing-rake. 

1794.  „  1,995.  Tate,  J ....  Copper-flues. 

1796.  „  2,091.  Matthew,  F Yeast-press. 

„  „  2,116.  Pepper,  J Malt-kiln. 

,,  „  2,136.  Cooper,  J Mashing-rake. 

„  „  2,152.  Lloyd,  F Malt-kihi. 

1797.  „  2,162.  Grover,  J Copper-flue. 

„  „  2,170.  Silvester,  J Masning-rake. 

„  „  2,171.  Goodwin,  H.,  jun Mash-tun.  [}^^* 

„  „  2,196.  Bramah,  J Storing, Fining, andKack- 

1798.  „  2,212.  Shannon,  E Brewing-plant. 

„  ,,  2,236.  Jones,  W Mashing-rake. 

„  ,,  2,245.  Shannon,  E Fermenting-tun. 

1799.  „  2,336.  Hunt,  W.,  and  W.  Ouffe  Malt-mill. 

1800.  „  2,413.  TicKELL,  H Steam-boiling. 

1801.  „  2,495.  TiCKELL,  H Cooling. 

1802.  „  2,625.  Wood,  M Colourmg  from  Malt. 

„  „  2,640.  Speer,  W Hydrometers. 

1803.  „  2,715.  Storck,  P Yeast. 

„  „  2,726.  WooLF,  A Steam-boiling. 

,,  „  2,734.  Gould,  C Hydrometer. 

„  „  2,737.  Atkins,  E Hydrometers. 

„  „  2,740.  Younger,  E Mash-tun. 

„  „  2,746.  Cross,  E.,  and  T.  South- 
worth    Boiling-vessels. 

1804.  „  2,753.  Pasmore,  T Malt-mill.  [Casks. 

„  „  2,773.  Bentley,  T Purifying  and  Seasoning 

1805.  „  2,816.  Barrett,  J Malt-kilns. 

1807.  „  3,017.  Atleb,  J.  F Fermenting-tuns. 

,,  „  3,036.  Matterface,  A Mashing-gear. 

,,  „  3,072.  Day,  J Brewing  Dantzic  Spruce. 

„  „  3,093.  Salter,  S Malt-kiLn-fumace. 

1809.  „  3,263.  De  Eoche,  E.  T Eoasting  Malt-husks. 

1810.  „  3,315.  EoBiNSON,  T Mashing-gear. 

„  „  3,318.  Shannon,  M Mash-tun. 

„  „  3,320.  Gregory,  J Cleansing  and  Eacking. 

„  „  3,368.  Williams,  C Malt-mill. 

1811.  „  3,493.  Needham,  J Portable  Brewing  Plant. 

„  „  3,509.  Adam,  J Drying  Malt. 

1812.  „  3,546.  Mathew,  F :  Pressed-yeast. 

,,  „  3,575.  Needham,  J Portable  Brewing  Plant. 

1813.  „  3,651.  EoBERTS,  J Concentration  of  Wort.  [&c. 

„  „  3,669.  Kino,  W.  E.  W Flues  for  Brewing-coppers, 

1814.  „  3,778.  Vallance,  J.,  jun Eefrigerator. 
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1814.  No.  3,796.  Smart,  G Crushing  Malt. 

„       „  3,867.  Yallanoe,  J.,  jun Vats  and  Store  Casks. 

1815.  „  3,916.  Kestbllok,  A.    Malt-mill. 

„  „  3,920.  KnJBY,  J Boiling-vesseL 

1816.  „  4,032.  Taylob,  P Boiling-vessel. 

1817.  „  4,112.  Wheeleb,  D Malt-roasting. 

„  „  4,133.  Whittle,  T.,  &  G.Eyton  Drying  Malt. 

,,  „  4,175.  Shears,  D.  T Befrigerator.      [gerating. 

1818.  „  4,197.  Taylor,  P Steam-boiling  and  Kefri- 

,,  „  4,254.  Bush,  W.  jun Malt  Drying. 

1819.  „  4,331.  Salmon,  R.&W.Warrell  Cooling. 
„  „  4,377.  Gbldart,  W., J.  Servaio*, 

and  J.  HowoATB  ....  Malt-kilns. 

1820.  „  4,480.  Yallanoe,  J Packing  Hops. 

„        „  4,506.  LoBECK,  H.  L Making  Yeast. 

1821.  „  4,615.  Arnott,  N Boiling  and  Cooling. 

1822.  „  4,659.  Bate,  B.  B Hydrometers  and  Saocha- 

rometers. 

„        ,,  4,744.  EiCHARDS,  G Breweiy  Fires,  Flues,  &c. 

1823.  ,,  4,746.  Neville.  J Boiling,  Malting,  &c. 

,,        „  4,858.  BuNDY,  W Refrigerator. 

1824.  „  4,997.  Johnsox,  W Steam-boiling. 

1825.  „  5,091.  Lamb,  G.  A Concentrated  Wort. 

1826.  „  5,323.  Lorent,  A.  R Steam-boiling. 

„        ,,  5,368.  Dembboucq,  D.  P Refrigerator. 

,,        ,,  5,406.  Yandall,  J Refrigerator. 

1827.  ,,  5,565.  Wheeleb,  R Refrigerator. 

1829.  „  5,816.  Salmon,  T Malt-kiln. 

1830.  „  5,924.  Aitkin,  W Preservation  of  Beer,  &c. 

„        „  5,959.  Riley,  E Rousing  Gear. 

„        „  5,974.  Coffey,  M Refrigerating. 

1831.  „  6,160.  Neville,  J Filtering  Midt-liquors. 

1832.  „  6,266.  Goodlet,  G Steam-drying. 

„        „  6,316.  Swan,  J Hop-press  and  Yeast-press 

1833.  „  6,468.  Else,  R Malt-drying. 

1834.  „  6,539.  Bates,  J Refrigerating. 

„        „  6,623.  Keklk,  £ Yalves  in  Fermenting  tons, 

and  scrapers  for  deans- 
ing  casks. 

6,653.  Chanteb,  J.,  &  W.  Witty  Refngerator. 

6,673.  Shebidan,  J.  J.  C Fermentation. 

1835.  „  6,783.  Shebidan,  J.  J.  C Fermentation. 

„        „  6,912.  Dyeb,  J Clarification. 

„        „  6,932.  Shebidan,  J.  J.  C Fermentation,     [rometers. 

1836.  „  7,035.  Bate,  R.  B Hydrometers  and  Saccha- 

,,        „  7,157.  Bbandt,  C Endless-web  Coolera. 

,,        ,,  7,181.  Fabina,  C Mashing  Gear. 

„       „  7,211.  Shebidan,  J.  J.  C Airtight  Fermentation. 

„        „  7,245.  Don,  T Quickening    Malting    by 

Steam. 

1837.  „  7,328.  Poole,  M Clarification  by  Filtering. 

„       „  7,347.  Fabina,  0 Malting  and  Brewing. 

„       ,,  7,420.  Du  Boulay,  T.,  and  J.  J. 

C.  Shebidan    Drying  and  screeningmalt. 

1838.  „  7,591.  Pabkbb,  A.,  and  0.  Bybne  MiJt-  and  liqaor-gaage. 

„       „  7,658.  Walkeb,  P Automatic  Beer-deansing. 

f,       „  7,679.  RicHABDSON,  A Spirit  from  Malt 
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1838.  No.  7,829.  Heath,  M Filtration  of  Beer,  &c. 

„        „  8,013.  Gboyeb,  H.  M , .  Brewing  from  Barley-awns. 

1840.  „  8,647.  Dean, A., and E. Evans..  Malt-mill.  [line.' 

1841.  „  8,843.  Newton,  W.  E Extract  of  Hops  *  Humu- 

8,919.  Beilbt,  J High-pressure    Boiler  for 

Wort.  [Gear. 

„  8,921.  TiZABD,  W.  L Mashing  and  Fermenting 

1842.  „  9,475.  Stead,  P Malting. 

1843.  „  9,596.  Herbeet,  L Malt-mill. 

„  „  9,648.  Bell,  G Malt-drying. 

„  „  9,736.  Poole,  A Malt-di^ing. 

„  „  9,767.  Knight,  S.  J Malt-kiln. 

„  „  9,828.  Paiisons,G.,&E.Glybubn  Malt-roUs. 
„  „  9,924.  Davison,  E.,  and  W.  Sy- 
mington   Cask-cleaning. 

1844.  „  10,053.  KxTBTZ,  A Heating  Apparatus. 

„  ,,  10,071.  Mastekman,  T.« Eefrigerator. 

,,       ,,  10,419.  Ryan,  J Fermenting  Vat.     [screw. 

„       „  10,459.  Bell,  G Malt-kiln:   Archimedean- 

1845.  „  10,641.  Maugham,  W.,   and  A. 

Dtjnlop,  jun Brewing,  [with  Eye-malt. 

„  10,829.  Meade,  H.  M Brewing  Maize   and  Eye 

„  10,962.  Ohafpell,  N Mashing-process. 

10,963.  Maugham,   W.,   and  A. 

DuNLOP,  jun Heating  after  Fermenta- 
tion, Filtering,  Aerating. 

1846.  „  11,045.  Arney,  G.  A Fining  and  dfu-ifying. 

11,166.  Hyde,  S Eefrigerator.  [gines. 

11,179.  PicKFORD,  S Yats  and  Casks,  Beer  En- 

11,268.  MoBELAND,  J Fixing  Coppers,  StiUs,  &c. 

1847.  „  11,563.  Vaux,  C Store-vats. 

„        „  11,565.  Du  BouLAY,  T.  and  J. .  Granaries,  [menting  tuns. 

,,        „  11,604.  Ckosse,  a Electric  Currents  in  Fer- 

„       „  11,998.  Maltby,  W.,  &  T.Webb  Eemoval  of  Oil  from  Barley 

for  Distilling,  &c. 

1848.  „  12,043.  Collins,  J Hop-winnow :  Dessication 

of  Air  in  Malt-kilns. 
12,159.  BuE8iLL,G.H.,  J. Pater- 
son,  and  J.  Matthews  Aerating  Malt-liquor. 

,,        ,,  12,270.  LnjiTE,  J Centrifugal-cooler. 

12,328.  Adams,  S Malt-miU.  [ming. 

12,344.  Lane,  J.,  and  J.  Taylor  Eefrigerating,  and  Skim- 
„  12,411.  Wrigley,  M Making  Yeast. 

1849.  „   12,439.  Johnson,  E Malting  and  Brewing. 

12,549.  Lawrence,  J.,  sen Cooling ;  storing. 

1851.  „  13,680.  Payne,  C Cooling. 

„        „  13,735.  ELallewell,  B Malt-drying  by  gas-jets. 

1852.  „  14,002.  Negretti,  E.  A.  L.,  and 

J.  W.  Zambra Areometers. 

14,006.  Croce^ord,  J Mashing. 

„  14,015.  Kempen,  p.  V.  (from  G. 

A.  Cramer) Eefrigerator.  [lation. 

„  14,119.  TiZARD,  W.  L Malting:  mashing:  distil- 

,,  14,282.  Lawrence,  J Mashing. 

14,283.  James,  W.  H HeatingandEefrigerating. 

14,327.  Palin,J.,&E.W.Sievier  Brewing. 
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1862. 

[  Under  the  Patent  Law  Amendment  Act,  1852.] 

No.     288.  Wallee,  A Testing  Alcoholic  FluicU. 

354.  Walkee,  J Malt  Eoller-mill. 

513.  Plimsoll,  S Cleansing  and  Fining  Malt-Hquora. 

763.  Edwards,  J.  S Automatic  Manifold  Kiln. 

875.  HuDATTLT,  A.  J.  C.  . .  Leaven. 
942.  Walker,  P.,  and  A.  B. 

Walker Fermentation. 

990.  Broomak,  B.  a Heating  or  Eefrigerating. 

1,125.  MooEE,  E.  D Condensing  and  Storing  Wort. 

1863. 

No,       97.  LiLLiE,  J Malt-conveyors  (Endless  Belts). 

106.  ViON,  H.  0 Eefrigerating  Apparatus. 

400.  Ludlow,  H.  S Screening  and  Grading  Malt. 

415.  Walker,  M Cooling  Jacket  for  Mcut-liquors. 

471.  Lawrence,  J Malt-  or  Orain-kiln  (steam). 

522.  Moore,  E.  D Extraction,     Condensation,     and 

Storing  of  Wort. 

543.  Waterman,  J Extracting  Spent  Hops. 

801.  Walker,  W Malt-kiln  (Air). 

1,009.  Plimsoll,  S Cleansing  and  Fining  Malt-liquors 

1,196.  Mertens,  H.  D Solidifying  Wort. 

2,268.  Shears,  D.  T Vacuimi-brewing-copper. 

2,614.  Steel,  W Mashing  Machinery. 

1864. 

No.     209.  FouRNiER,  J.  J.  L.   . .  Fermenting  and  Distilling  Brewers* 

Grains,  Ketums,  &c. 

490.  Johnson,  T.  J Malt-roaster.  [of  Mash. 

663.  YouNO,  J Vacuum-copper ;    Suction-I>raining 

815.  CoNDY,  H.  B Concentrating  Malt-liquors,  &c. 

963.  TiZARD,  W.  L Drying  and  Koasting  Malt. 

1,113.  Robertson,  J.  C Malt-roaster. 

1,413.  CoLLETTE,  C.  n Mashing  and  Fermenting  Plant. 

1,509.  Beck,  D Distilling  Hop-aroma;  Hopping  in 

Cask :  Saccnarification  by  Acid. 

1,647.  TiZARD,  W.  L Fermentation-plant. 

1,864.  Froogart,  B.  B Clarification. 

1,912.   Fontaine  -  Moreau,  Mashing,     Fermenting,    and    Dis- 
P.  A.  tilling    Oreen    Maize    (Ear    and 

Stem). 

1,957.  TouiL,  J Fermenting-plant. 

2,132.  DiBHER,  J Mashing-gear. 

2,341.  CoLLis,  W Hopping. 

2,387.  LoYSEL,  E Mashing. 

2,726.  Nash.  J Malting. 

1866. 

No.     106.  Riley,  G False  Bottoms  for  Tuns. 

,,       423.  GiLBEE,  W.  A Mashing,  Fermenting,  and  Distilling 

Greou  Maize  (Ear  and  Stem). 

737.  Botta,  F.  T Browing- Plant  and  Process. 

882.  Manning,  J.  A Kousing  by  Air-currents. 

1,473.  Mor£.vu-Darluc,  C.  .   Extraction  by  Suction. 
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1855  {continued). 

No.  1,489.  Weems,  J Steam-heated  Air-kiln. 

1,538.  BiLET,  G Cone-malt-null. 

2,062.  Pabtridqe,  J.,  and  J. 

"KniTnTA^  Malt-rolls  witli  Brush-gear. 

2,408.  Riley,  G DifEerential  Malt-rolls. 

2,454.  Lewis,J.,&  J.Edwabds  Malt-mill  Gear. 

2,533.  Gbeen,  E.,  &  J.  Gbeen  Dust-tight  Cased  Malt-mill. 

2,565.  BoBmsoN,  J Drying  by  Superheated  Steam. 

2,577.  Lister,  G Refrigerator. 

2,600.  Fleetwood,  J. . . ..    . .  Portable  Malting. 

1866. 

No.       65.  Pitman,  J.  T.  (from  P. 

V.  O.  Hyckert)    . .  Saccharification  by  Diastase. 

110.  Baeewell,  T.  H Cooling. 

212.  Gabbnee,  E.  Y Heating,  Drying,  and  Evaporating. 

387.  Blackwell,  T.  E Cooling  Worts. 

735.  Cuff,  J Cask-cleaning. 

966.  Blackwell,  T.  E.     . .  Hardening  Water. 

1,471.  Riley,  G Refrigerator.       [ior  Permentation. 

1,529.  Henley,^  T.  F Steaming  and  Saccharifying  Rice 

1,711.  PAPiNEAir,  W Steaming  and  Saccharifying  Starchy 

MatterwithAcidfor  Permentation 

1,855.  Watt,  W Malting  Maize  and  other  Grain. 

1,887.  Bbooman,  R.  a Wheat-bran  as  Perment. 

2,034.  Abon,  M Pressed  Teast. 

2,110.  Riley,  G Mashing  Maize. 

2,228.  WiNTEBBOTTOM,R.jun.  Diy  Yeast.  [Hops,  &c. 

2,364.  Kino,  T Continuous  Compressor   for  Spent 

2,415.  Tooth,  A Bleaching  Malt  by  Sulphur. 

2,482.  Potts,  G.  C Scouring  Casks  with  Sand,  &c. 

2,498.  White,  G Steaming  Raw  Grain. 

2,619.  DiBGKB,  H Grinding;  Mashing Plour and  Husk 

separately;  extracting  Hops  apart 

2,641.  Bablow,  a Masn-tun  Geftr,  &c.       [from  Wort. 

2.758.  Tooth,  C Racking. 

2.759.  LuDEwio,  P Leaven. 

2,814.  Walkeb,  P Brewing-plant  and  Processes. 

2,994.  Rexox,  Y.  L.  C Steaming  and  Saccharifying  Rice. 

3,081.  SwADf,  W Air-kiln. 

1857. 

No.      59.  Pilkinqton,  p.,  andT. 

Entwisle Cask- washer. 

94.  Watt,  W Steaming  and  Mashing  Maize,  &c. 

183.  Habbis,  T Refrigerating  Machine. 

226.  Hensel,  a Pressed  Yeast. 

227.  TiZABD,  W.  L Fermenting-plant. 

276.  Weight,  A Steaming  Mit  before  Drying. 

286.  Hensel,  a Compressed  Yeast. 

406.  Potts,  G.  C Cask-wtisher. 

496.  Gbist,  J Mash-tun. 

1,026.  Wiles,  W.  G Brewing-copper. 

1,310.  Pbancis,   J.   H.,   and 

R.  Oej) Cask-washer. 
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1857  {etnUintMd), 

No.  1,433.  Blacslidob,  W.,  jun-^ 

and  G.  Bead Masliixig-gear. 

,,    1,456.  Travis,  E.,  and  Oasab-  rBoiling,  ^. 

TELLi,  J.  L Automatio  Begulator  oi  Steam  for 

,,    1,458.  EoBEBTS,  T.  n Caak-washer. 

,,    1,638.  Daly,  D.  J CaBk-vent-yalTe.  [strainer. 

„    1,818.  Lawbence,  J False  Bottom  of  Mash-tun;  Yeast- 

„    2,175.  CuLSK,  W.  8 Hop-press. 

,,    2,186.  Orist,  J Manifold  Mash-tun ;  Steam-boiling. 

„    2,362.  Harrison,  J Befrigerator. 

„    2,419.  Imhof,  D Exhausting  or  Blowing-machines. 

„    2,448.  West,  E.  B Brewing-pknt. 

„    2,632.  Plomlet,  J.  0 Malt-dj^mg. 

„    2,684.  Tooth,  C,  and  W.  W. 

Wynne Eefrigerator. 

,,    2,822.  FoRDRED,  J Hardening  Water. 

,,    2,845.  Madden,  P Manifold  Malt-ldln. 

1868. 

No.     760.  BiEBUYCK,  J.  B.,  and  J. 

TAN  Landityt    ....  Fermenting  Flour-paste. 

„       783.  ManbrI:,  A Colouring  for  Beer,  &c.  from  Qlucose. 

„    1,011.  Bridoman,  J Cooling  by  Ice,  &c.  [&c. 

,,    1,079.  Dix,  A.  M Condensing  Vapours,  Befrigeratmg, 

,,    1,271.  ManbrI,  A.    Malting  and  Mashing. 

„    1,283.  LoMBARD,J.  B.  A.,and 

X.  T.  EsQuiRON ....  Saccharification  of  Cereals. 

,,    1,353.  WiLKiNS,  W.  P Eefri^rator-tubes. 

„    1,441.  TiZARD,  W.  L Mashmg-gear. 

„    1,536.  Hodge,  P.  E Steaming  Malt,  Cutting  Hops,  Ex- 
traction and  Befrigeration. 

„    1,695.  Long,  J Cooling. 

„    1,718.  Luis,  J Cooling. 

,,    1,759.  Steel,  J Mashing,  Boiling,  and  Hopping. 

,,    1,888.  Plomley,  J,  C Joists  imder  Kiln-floors. 

„    2,106.  Luis,  J Centrifugal  Separator  for  Yeast,  &c. 

„    2,303.  MooRE,  T Befrigerator. 

,,    2,364.  Kennedy,  B.,  and  J. 

Armstrong    Grain-kiln. 

2,453.  Blumberg,  V Slate- veneered  Vats. 

2,613.  Howe,  G.,  &  J.  Norton  Steam  Coils. 
2,617.  Vasserot,  C.  F.  (from 

L.  Fialon) Befrigerator. 

„    2,749.  Davis,  A.  E.,  and  B. 

Wright Colouring  from  Sugar. 

„    2,802.  Harris,  J.  J Befrigerator. 

1869. 

No.       77.  White,  J Cooling. 

„       290.  Waller,  G.  A Yeast-press. 

„       320.  Brooman,  B.  a.  (from 

Mme.  Jolibois)     . .  Cooling. 

371.  Herring,  E Mashing  and  Fermenting  BawOrain. 

400.  Bennett,   J.,    and  J. 

BExxErr     Bofrigerators. 

,,       451,  Garton,  C Inverting  Sugar. 
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1859  {continued). 

No.     505.  Wagneb,  J.  H.  G.  D.  Filtering  Brewing  Water. 
y,       679.  Laboohbtte,  P.,  sen.    Masking  Gear. 

,f       803.  PicxEBiNO,  0 Portable  Brewing-plant. 

y,       930.  OoPFBT,  J.  A Heating  by  Steam. 

„       935.  Luis,   J.  (from  J.  L. 

Baudelot)    Kefrig^erator. 

„       999.  Van  Htjlst,  A.  F.    . .  Malt-kiln.  [Gauging. 

„    1,055.  Fanshawe,  H.  B Airtight  Backingi    Filtering,    and 

„    1,178.  Manbb£,  A Glucose-making. 

„    1,179.  Manbb£,  a Colouring  from  Glucose. 

„    1,338.  Clabk,   W.  (from  F. 

LuDEwio) Leaven. 

„    1,375.  Gnx,  £ Mashing  Bice,  Maize,  &c, 

„    1,417.  HsNLET,  T.  F Sacchamying  Bice  by  Add. 

,,    1,617.  BoBiNSON,  W Cask-washer. 

„    1,627.  Mathews,  D Befri^erating  and  Heating. 

„    1,756.  BoBEBTSON,  P Centrifugal  xeast-andHop-separator 

„    1,932.  BiLET,  G Helical  Kefrigerator. 

„    2,005.  GoPF,  S.  D.,  H.  Davis, 

S.  and  E.  Stbanoman  Air-kiln. 
„    2,013.  ScHBAMM,  H.  B.  L.  . .  Pressing  Grains,  &c.,  by  Bolls. 

„    2,027.  ToMELL,  V Yeast. 

„    2,118.  Lxns,  J.  (from  J.  L. 

Battdelot) Befrigerator. 

„    2,137.  Manbb£,  a Colouring  from  Glucose. 

„    2,152.  Davison,  B Befrigerators,  &c. 

„    2,294.  Bobebtson,  P Pressure- mashing,  Vacuum-boiling 

and  Fermenting. 

„    2,442.  McGlashan,  A Befrigerator. 

„    2,458.  Hodge,  P.  B Brewing-plant  and  Processes. 

„    2,944.  Btjl,  L.  J.  G Instantaneous  Cooling. 

1860. 

No.     118.  Bbooican,  B.  A.  (from 

B.  Pabaf-Javal)  . .  Clarification.         [^Teast-separators. 

„       298.  Bobebtson,  P Wort-filter :  Centrifugal  Grains  and 

„       845.  Lanofobd,  J.,  and  C. 

Chesteb    Cooling. 

478.  Davison,  B Steam-boiling. 

538.  Shobe,  S.  F Bunghole  Plug. 

859.  Jensen,  A.  N Brewing  and  Fermenting. 

887.  Bbidle,  H Befrigerators. 
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„       923.  Hill,  J Malt-screens. 

„    1,143.  Gbohegan,  B Press  for  Grains,  Hop  or  Yeast. 
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1,246.  Babkeb,  W.,  jun.  ..  Fermentation;  Attemperator. 

1,868.  Wateait,  C Cooling  Beer. 

1,408.  Walleb,  G.  a Yeast-press. 

1,479.  Dbessel,   B.,  and   A. 

FiQGE Making  Yeast. 

1,614.  Habbis,  G.  S Bapid  Kefrigerator. 

1,749.  Davis,  I.  N Saccharification  by  Acid  with  Steam  ; 

Neutralisation  by  Chalk. 

2,120.  Hollands,  G Automatic  Yeast  Sluice. 

2,258.  Teulon,  W.  H.  (from 

A.  C.  L.  Beinhabdt)  Mashing  and  Cooling. 
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1860  {emUinuei). 

No.  2,266.  HuGHESy  E.  J.   (from 

J.    0.    Hendbicke- 

Peecy   and    J.    F. 

YAjrDENHOTE)    ....  Kaw  Grain  Maahing  and  Cooling. 

y,    2,831.  GhsoHEOAK,  B Prem  for  Teast,  Grains  and  Hops. 

„    2|461.  Barnett,  T Malt-roaster. 

,,    2,479.  Haitox,  E.  J Clarification  with  Vegetable  Glaten. 

,     2,603.  Davies,   G.  (from  F. 

P.  E.  Cabbe) Eefrigerating. 

,,    2,611.  BoTS,  H Using  Hop-bine  as  Hops. 

„    2,799.  Matthews,  J Condensing  Hop  Vapours. 

,,    2,934.  Jaques,  J.   A.,  J.  A. 

Fanshawe,   and  G. 

Jaques  Cooling. 

„    3,034.  CAim,  A.  J Gbinding  and  Crosihing. 

1861. 

No.  11.  West,  E.  B.  (from  E. 

F.  Andrews) Brewing  Plant. 

„       273.  Medloge,  H Brewing  Process. 

„       358.  Maltbt,  W Gelatimsing  Bice. 

„       366.  BosKiLLT,  C.  8 Fining. 

„  634.  Haioh,  T.,  and  E.  A.                                                 [Plant. 

BoBE&TSON Boiling,   Cooling  and  Fermenting 

„       583.  Hollands,  G Fermenting  Plant. 

,,       638.  PoNTiFEx,  E.  A Charging  Fermenting  Vessels. 

„  775.  Vaihjecastellb,  L.  J..  Brewmg. 

„       778.  Sobbell,  W Mashinp^. 

„       792.  Medlock,  H Sulphitmg  Liquors. 

„    1,353.  Blake,  A Brewing. 

„    1,520.  Illinqwobth,  J Breweries. 

„    1,662.  Wood,  A Tuns. 

„    1,816.  Gallafent,  D Befrigeratora. 

„    1,858.  Wood,  A Tuns. 

,,    2,196.  BoBEBTSox,  P Dry  Yeast. 

,,    2,407.  Tessieb,  J Mashing  Baw  Grain. 

,,    2,435.  Lusn,  J Mash-tun  Coils. 

„    2,503.  Sansum,  J.  E.  J Mashing-gear. 

„    2,710.  Gibbon,  B Malt-mSl. 

„  2,798.  Gibson,  H.  G.  (from 

J.  Pebbigault).  . . .  Drying  "Mault." 

„    3,118.  ToNNAB,  A Dr3ring  Malt. 

,,    3,179.  PoNTiFEX,  C Befrigerator. 

„    3,217.  Bosendell,  J Yeast-press. 

1862. 

No.    564.  BoBEBTsoN,  P Dry  Yeast. 

„       939.  MoBTON,  B Befrigerator. 

„    1,028.  Mebtens,  G.  D.  (from 

C.  T.  Aulhobn) Condensing  and  Storing  Wort. 

„    1,169.  Elliott,  C.  E.  (from 
G.  Gbosbebgeb  and 

H.  C.  Kubb)    Dry  Yeast. 

„    1,256.  TiZABD,  W.  L Cooling. 

„    1,295.  Walkeb,  B Plaiting. 

f,    1,395.  GxLEY,  J Mashing  and  Sparging. 
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1862  (e<mtinuei). 

No.  1,498.  Davison,  B.,  and  T. 

Johnson Cask-washer. 

„    1,510.  Bamsden,  B.,  jun.   . .  Mashing-gear. 

„    1,613.  BoETius,  H Befrigerating. 

„    1,974.  PoNTEFBX,  H.  8 Cask-washing. 

„    2,088.  Kino,  T Malt-measurer. 

„    2,360.  Newton,  W.  £ Mashing.  [ing. 
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„    2,434.  Gabton,  C Hot  Fluid  Coils  in  Malting  and  Brew- 

2,491.  Brrcms,  G.- Hop  and  Yeast  Press. 

2,543.  MoBEiAND,    B.,  jun.  Hop-cutter. 

2,564.  PoNTTFBx,  C Hop  and  Yeast  Press. 

2,706.  OxuBY,  J Yeast  Press. 

2,927.  Gregory,  P Hop  Press. 

3,032.  Newton,  W.  E.  (£rom 

y .  P.  C.  Battd  ) . . . .  Mashing  Maize. 

„    3,192.  Browning,  S.  J Mashing  and  Befrigerating. 

„    3,396.  Thudichum,  J.  L.  W.    Aerating  Beer. 
„    3,470.  Johnston,  J Befrigerator. 

1863. 

No.        1.  CoLLTER,  B.  H Mashing. 

„       306.  Jaoobs,  T.  L Cask-cleaning. 

„      428.  DiBB,  W.  T Heating  Malt  before  Mashing. 

„       553.  Fry,  J Mashing. 

„       567.  Mazixeld,  J Floating  Yeast-strainer.  [^S>- 

„       584.  Garton,  C Hot  Fluid  Coils  inMalting  and3rew- 

698.  MoRELAND,  B Extracting  Hops. 

876.  Johnson,  J.  H.  (from 

G.  H.  Fourdrinier)  Malt-drying  Qylinder. 

1,083.  Gretton,  F Mash-tun  Coib. 

1,345.  Jaryis,  T Concentrating  Wort. 

„    1,428.  Hnxs,  G Condensing  Aroma  from  Hop-kilns. 

„    1,448.  Hatsohek,  M Mashing  Maize,  &c. 

„    1,527.  Barker,  D Press-yeast. 

„    1,539.  Watts,  J Malting-cylinder. 

„    1,542.  Henry,  M.   (from  J. 

Lemoine  and  L.  J.  M.  [Acid  or  Alkali. 

Chollet)     Preparing  Grain  for  Mashing,  by 

„    1,797.  Johnson,  T Cask-wai£ing. 

„    1,916.  Woods,  H Attemperating  Unions. 

„    1,997.  Ellis,  J Scouring  Malt. 

„    1,998.  Dennett,  C.  C Concrete  Arches  and  Floors. 

„    2,037.  Dearn,  a.  M Centrifugal  Disc-Masher. 

„    2,112.  Fry,  J Mashing. 

„    2,247.  Kino,  J Bousing. 

„    2,259.  GK)ssAOE,  W Drying  and  Curing  Hops. 

„    2,270.  Dannatt,  J Cooling. 

„    2,312.  Pooley,  J.  C Distilling  Wort. 

„    2,336.  Maitland,  C Mashing-gear. 

„    2,438.  TowLSON,  J Cooling. 

„    2,439.  Pepper,  B Hop-press.  [Malt,  &c. 

„    2,602.  Weems,  J Steam-  or  Hot-air-Drying  of  Grain, 

„    2,646.  Blake,  A Befrigerator.  [hquor-pipe. 

„    2,939.  Hamper,  D.  W Mashmg-gear  ;    Thermometer    on 

„    3,032.  Clifton,  B.  L Mashing-plant. 
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1864. 

No.     101.  Murphy,  W.  J Copper. 

194.  Bright,  T Mdt-kiln  Flues. 

235.  Fry,  J Mashing-geor. 

250.  Heathorzt,  T.  M Yeast-press. 

822.  Taylor,  W.  H Enamdled-iron  Vessels. 

426.  JuDE,  J.  B Cask-washer. 

507.  Mellor,  W.  H Fermentmg  XTnions. 

552.  Ma]7br£,  a SaochaTification  by  Acid. 

701.  JuDE,  J.  B Yeast-press. 

745.  Gartoit,  C,  &  T.  Hill  Mashing-gear. 

877.  PiCKiNO,  J Befrigerators. 

1,024.  WoRSSAic,  G.  J Yeast-press. 

1,123.  McViTiB,  W Eefrigerator. 

1.177.  Boy,  J Automatic  Masbing-gear. 

1.178.  Nbwtow,  a.  V.  (from 
L.  Wiart) Eapid  Cooling. 

1,308.  SxtvENAux,  L Sweating  and  Drying. 

1,370.  Mellor,  W.  H Automatic  Mashing-gear. 

1,406.  LoYSEL,  £ Extractive  Mashing. 

1,599.  Stevens,  B.  F.  (from  [leum,  fto.,  as  fuel. 

S.  Stevens)   Diying  Malt  and  Hops  with  Petro- 

1,624.  FRiELiNOHAUS,C.(from 

loKATZ  Beu) Making  Yeast. 

1,695.  Blake,  A Hardening  Water  for  Brewing. 

1.718.  Newton,  A.  V.  (from 
J.  Schneuhr)    ....  Water  Measurer  to  Mash  Tun. 

1,841.  Gregory,  F Mashing-gear:  Cask-washer. 

1,931.  Garton,  C,  &  T.  Hill  Mashing-gear. 

2,177.  Walker,  D Manifold  Malting. 

2,222.  Williams,  J Fixing  Unions. 

2,298.  Lawrence,  W Mashmg  and  Cooling. 

2,394.  Watts,  J Floating  Yeast  Separator. 

2,420.  LoYSEL,  £ Mashing. 

2,535.  Watts,  J Floating  Yeast  Separator.       [filter. 

2,598.  TiZARD,  W.  L Cooling  and  Aeratmg  Wort;  xeast- 

2.719.  Garton,  C,  &  T.  Hill  Cooled  Pure  Air  in  Brewing,  Back- 
ing, &c. 

„    2,834.  Gardner,  B Continuous  Wrought-iron  Boilers. 

„    2,923.  Millns,  F Cooling-wort. 

1866. 

No.     249.  Burg,  V Filtration  of  Beer,  &c. 

„       306.  Webb,  J.  B.  (from  G. 
Percy,  W.  Wells, 

C.  Brown,  J.  Mul- 
FORD,  and  J.  M. 
Webb)    Concentrating  Hop  Eictraot. 

ff       481.  WnxisoN,  B Automatic  Mashing-gear. 

„       572.  Barth,  G.  H Befrigerating. 

„  719.  Newton,  A.  V.  (from                                 [Earth's  Surface. 

D.  SoMBs) Cooling  by  Water    passed   below 

„       799.  Coleman,  W.  J Clarifying. 

„    1,204.  Gregory,  F Mashing  and  Sparging. 

„  1,227.  Wise,  F.  (from  B.  G. 

Martin) Hop-deooction. 
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1865  {continued). 

No.  1,249.  Kaicpton,  J Befri^rator. 

,,    1,263.  Bennett,  S Mashing,  &c. 

„    1,297.  FoBBES,  J Fan-exliaiiBt  to  Malt-kiln. 

„    1,700.  AsHBY,  M Befri^erator. 

„    1,781.  PaiDEAUx,  J.  8 Aeration  of  Beer,  &c. 

„    1,963.  Latham,   B.,  and  B. 

Campbell Hop-kiln  with  Fans  &  TumingGear. 

„    1,972.  BoBiNSON,  B.,  and  J. 

Yabley Brewers'  Furnaces. 

„    2,019.  Bobebtson,  F Mashing  and  Ck)oling:  Drying  Yeast. 

„    2,096.  Westley,  B.  A.  W. 

(from  H.  FiNKUs)      Store-vats.  [Drawn  Liquor. 

„    2,187.  Watkins,  C.  a Carbonic    Acid    Gas    to    Beplaoe 

2,492.  Davis,  C.  £. Locked    Wire-covers     to     Steep- 
cisterns.  [Drawn  Liquor. 

2,660.  MoTT,  A.  J Carbonic    Add    Gas    to    Beplace 

„    3,047.  Newman,  C.  H Mashing. 

„    3,087.  Taylob,  W.  B.  ......  Continuous  Flow  and  Agitation  in 

Steep ;    Antiseptic     Sprinlding ; 
Yellow  Light  to  Maltings. 

1866. 

No.     115.  Wheeleb,  N.  W Befrigerating. 

„       302.  M£LLEB,J.,andJ.FYLE  Cooling. 
„       616.  DiTPBENfi,  H.  A.  (from 

C.  Tellieb)    Cooling. 

„       747.  Sevebn,  G Cooling. 

„       905.  Bydeb,  T Mashing. 

„       985.  Taylob,  W.  B.,  and  G. 

Hewett Warming  Steeping-water ;  Wash- 
ing Baw  Grain;  Antiseptics  in 
Steep  and  Sprinkling ;  Yellow 
Light;  India-rubber  Shovels  or 
Tips  to  Wood ;  Turning  Machin- 
ery on  Floors. 

„    1,235.  Gbetfon,  F Screening  Malt. 

„    1,326.  Johnson,  J.  H.  (from 

J.  Foley) Drying  and  Cooling  Grain  and  Malt. 

„    1,398.  Hampton,  J Brewing-furnace. 

„    1,445.  Gbipfeb,  £ Fatent  Malt  from  Grains. 

„    1,499.  Haioh,  T Coolers. 

„    1,508.  FoNTiFEX,  £.  A Befrigerators. 

„    1,559.  Lawbence,  W Malting. 

„    1,560.  Lawbence,  W Straining  and  Cooling  Wort. 

„    1,834.  Bobebts,  M.  J Cooling. 

„    2,204.  DuFBENt,  H.  A.  (from 

C.  Telltbb) Cooling. 

„    2,241.  Newton,  H.  £.  (from  [and  Cooling. 

E.  Yelten)    Preserving  Beer  by  ICapid  Heating 

„    2,298.  SoHNEiDEB,  J.   Brewing.  [ing. 

,,    2,416.  Walkeb,  A.  B Attemperation  in  Malting  and  Brew- 

„    2,526.  Dix,  A.  M Befrigerators. 

„    2,846.  Edwabds,  0.  C Cask-washer. 

„    3,083.  PoTTEB,  B Washing  Grain  with  Antiseptics. 

„    3,391.  Allen,  £ Cask-washing. 
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1866  {eonttnued). 

No.  3,422.  Slatteb,  J Malt-screen. 

„    3,433.  Napieb,  J Malt   Substitute,   Barley-  ^or  Oat- 

Straw-chaS    and  WholeJ  Grain, 
Steamed,  Pressed,  and  Dned. 

1867. 

No.       57.  WoDEB,  E Pocketting  Hops. 

„       130.  Hamfbr,  D.  W Finings. 

„      249.  Prideaux,  T Malt-kilns. 

„       830.  WAu:iEB,  G.  A Beer-filter. 

„       520.  Saksoit,  W.  H Hop-drying. 

„       787,  Greooby,  P Bemgerating. 

„    1,150.  MiLLWABD,    J.    (from  v 

J.  Walkeb) Masli-tun4 

„    1,267.  NoBTOw,  J.  L Drying  Grains,  Hops,  &c. 

y,    1,289.  BiTCHiE,  C Storing  and  Drawing  Liquors. 

„    1,380.  BiTCTHiE,  C Casks. 

„    1,427.  Clabk,   a.  M.  (from 

P.  L.  Mabgot)  ....  Baising  Liquors. 

„    1,485.  NoBTOir,  J.  L Drying  Malt,  Grains,  Ac. 

,,    1,698.  Cbomfton,  J Beviyifying  Malt  Liquor. 

„    1,738.  Askew,  C Befrigerating. 

„    1,751.  Clabk,  A.M.  (from  A. 

0.  J.  Lenqel^e  and 

P.  B.  Bozee)    ....  Cooling. 

„    1,988.  Seyebit,  G Befrigerators. 

„    2,031.  Stibk,J.  &H.BYCBOFT  Befrigerators. 

,,    2,071.  NoBTON,  J.  L Drying  Grain,  Malt,  &c. 

„    2,081.  PLEMQfO,  J Baising  Beer,  &c, 

„    2,095.  ScHOFiELD,  J.,  and  J. 

C.  Dawson Malting  and  Diying. 

„    2,125.  Bbomwich,  T Ventilating  Maltings. 

„    2,132.  Bbeithaxjft,  T.  A.  . .  Essence  of  Hops. 
„    2,137.  Newtow,  W.  E.  (from 

W.  8.  Haight)    . .  Brewing. 

„    2,258.  Dale,  J Befrigerator. 

„    2,330.  Ploweb,  C.  E Cooling. 

„    2,540.  Woods,  H Hop-press. 

„    2,652.  Hall,  W Separating  Yeast. 

„    2,707.  OxLBY,  J Befrigerator. 

„    2,760.  Allison,  G.,  and  A. 

ManbbI: Saccharification. 

„    2,804.  WiLLLAJffsoN,  J.  S.  . .  Drying  Com,  Malt,  &c. 

„    2,944.  ScHWABTZ,  J Befrigerating. 

„    2,976.  Welton,  T Ozonisation  of  Growing  Malt,  to. 

„    3,124.  McDouoALL,  A Turning  Malt. 

„    3,359.  Belknap,  E Treating  Wort. 

1868. 

No.  72.  PoNTiFEX,  C Hop-press. 

„  86.  Nbwkan,  C.  H Uniermented  Malt-liquor. 

„  171.  WiNTEB,  J.,  jun Bottling  and  Corking. 

„  212.  Coleman,  W.  J.    . . , .  Finings. 

„  228.  Bennett,  S Diying  Grain,  Grains,  ftc. 

„  360.  WsEMs,  J.,  and  W.. .  Diying  Grain,  Malt,  &c. 
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1868  {continued). 

No.     377.  MoBTON)  E Befrigerators. 

„       861.  "RowAND,  M Treatment  of  Malt. 

yy       898.  Smith,  B Drawing  Oas  from  Yats. 

,f    1,009.  McOlabhan,   a.,   and 

J.  Henby Mashing-gear. 

„  1,082.  Walker,  A.  B Evaporating. 

„    1,254.  KiTTO,     Ot.    D.,     and 

P.  B&OTHERHOOD    . .  Befrigerating. 

„  1,535.  Dix,  A.  M Fining. 

„  1,624.  Needham,     W.,     and 

J.  EIiTE    Filtering-surfaces. 

„   1,701.  Sbck,  W Gbain-k&ns. 

„   1,760.  Newton,  W.  E.  (from 

W.  8.  Haioht) Hopping  Beer. 

„   1,937.  MuiJiEB,   W.,  and  G. 

EzfGLEBT Cooling  Beer. 

„   1,965.  TiTBBELL,  Q.  B Cooling  Beer,  &c. 

„  2,274.  Beanbs,  E Brewing. 

„  2,375.  Hebbiko,  E Saccharine. 

2,408.  KiTTO,      G.     D.,    and 

P.  Bbothebhood    . .  Cooling. 

2,558.  Ebpbitt,  W.  B I^ng  Grains,  &c. 

„  2,561.  Beanes,  E Finings. 

„   2,590.  Davey,  W.  H Drying  Malt. 

„  2,602.  Haioh,  T Brewing  Plant. 

„  2,820.  Seebohm-Ultzen,     F.  [tion  of  Beer. 

(fromHAAS-DEHBATH)  Aeration,  Preservation,  and  Meva- 

„  2,930.  Woods,  H Steam-boiling. 

„   3,081.  Steel,  J Extracting  Boasted  Malt. 

„   3,278.  MoBT,  W Cooling. 

„  3,314.  Wallwobk,  H Taps. 

„   3,507.  Dbayson,  A.  W Cooling. 

„  3,936.  Boby,  B Malt-kiln  Floors. 

„  3,976.  Bonneville,     H.     A. 

(from  J.  Gecmen)  . .  Malting  and  Drying. 

1869. 

No.     70.  SAT7in)EBS,  M.,  and  H. 

FoBBEST Befrigerators. 

,,       84.  Matthews,  F.  C Treating  Maize. 

„     122.  Steel,  J Cask-washing. 

„     178.  Siddeley,  J.,  and  F.  M. 

Mackay    Cooling. 

,,     230.  Newton,  A.  V.  (from 

B.  d'Hei7bet7se)  ....  Germinating. 
„     381.  STBAUss,L.,andA.SECK- 

bach  (from  W.  EicH- 

man)     Treating  and  Baising  Beer. 

„     470.  HoTTDAiLLE,  V.  A Vat-bungs. 

„     539.  Wbems,  J.,  and  W.    . .  Malting  and  Drying. 
„     727.  Sfenoeb,    G.,    and   J. 

Babkeb    Preserving  Malt,  &c. 

„     738.  Spbnoeb,  G Preserving  Malt. 

,,     741.  Bebnieb,  J.  B Preserving  Yeast. 

„     832.  Walkbb,  a.  B Drying  Malt. 
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1869  {continued). 

No.     S47.  Hamilton^  J.,  and  H. 

Patebson Manipulating  Liquors. 

„       920.  KnLKy  A.  C Cooling. 

,,    1,083.  Dewab,  J Treating  Ghtuns. 

„    1,121.  Beanes,  R Sulphites  for  Brewing. 

,,    1,174.  Whitehttrst,  F.  F.  . .  Mashing-gear. 

,,    1,219.  Hodge,  P.  E Breweiy-hose. 

1,354.  Shackleton,  J Steam-boiling. 

1,370.  Gedge,   W.  E.  (from  [by  Gas. 

F.  FoussABT,  jun.). .  Elevation  and  Preservation  of  Beer 
„    1,695.  GiLBEE,  W.  A.  (from 

E.  D.  Brainabd)  ....  Befrig^rators. 

„    1,694.  Bindley,  W.  A Attemperator  for  Union-casks. 

„    1,893.  Olsson,  M.  (from  H. 
Gahn  and  E.  E.  Edq- 

vish) Preserving  Malt  Liquors. 

1,897.  ManbbI:,  A.   Sacchariflcation. 

2,092.  Dewab,  J Treating  Spent  Hops. 

2,212.  Johnson,  J.  H.  (from 

H.  Bubgess)    Hop-extract. 

„    2,227.  Gilbee,  W.  A.  (from 

E.  D.  Bbainabd)  ....  Preserving  Hop  Aroma. 
„    2,406.  Needham,  F.  H.       . .  Preserving  Liquor  in  Cask. 

,,    2,462.  Jenkins,  J Cask-enamel. 

„    2,519.  Valtebs,  J Finings. 

„    2,867.  Hbathobn,  A Yeast. 

„    2,906.  Pontifex,  E.  A Befrifferators. 

„    2,981.  Ellis,  B.  J Malt-drying. 

„    3,078.  Goodbody,  B.  J.,  and 

B.  E.  Donovan.  . . .  Malt-drying. 

„    3,248.  McCoBMiCK,  J Brewing. 

„    3,327.  Shelley,  M Vent-peg. 

„    3,469.  MiLBUBK,   B.,  and  T. 

Bbowning Drying  Grain,  Malt,  Grains,  ftc. 

„    3,474.  Fobbes,  J Drying  Malt,  Grain,  &c. 

,,    3,561.  Hamilton,  J.,  and  B. 

Patebson Collapsible  Casks. 

„    3,613.  MoBTON,  B Befrigerators. 

„    3,621.  Moss,  E.  (fi-om  C.  T. 

Klemm) Malt-kilns. 

„    3,625.  Askew,  J Befrigerator. 

,,    3,661.  Mabtin,  J.  C Finings. 

3,669.  Shiels,  J.  M Malting. 

3,671.  Giles,  S Fermenting-plant. 

3,785.  Bolton,  F.  J Treating  Fermented  liquors. 

1870. 

No.     205.  Gabton,  W Saccliarum. 

„       241.  Coleman,  W.  J Neutralising  Beer. 

„       260.  Dewab,  J Treating  Liquid  Befuse from  Grains 

„       267.  West,  H.  J Cooling. 

„       358.  Wabd,  J.,  &  J.  Bowing  Yeast. 
„       387.  STANLEY,J.M.,andW. 

Atkins    Brewery-fumacefr 

„       389.  Pontifex,  C.  and  F., 

and  A.  Suebwood.  .  Hop-press. 
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1870  {eawtinued). 

No.     721.  WsiQHT,  J Sprinkling-can. 

„       769.  Newton,  W.  E.  (from 

E.  Oysbbeck)    ....  Malt-kilns. 

871.  Watson,  L.,&  J.  Hall  Brewery-hoists. 

895.  Bailey,  W Brewing. 

939.  Eeis,  a.  B Preserving  Beer. 

966.  Jackson,  H Diying  Grain,  Malt,  &c. 

989.  Winter,  J.,  jun Bottling  and  Corking. 

1,029.  Glinoh,  C Cleansing-beer. 

1,062.  Newman,  C.  H Unfermented  Malt-liquor. 

1,160.  Bigot,  E.  F Venting  Bung. 

1,180.  LuNOLEY,  C Eefrigerator-taps. 

1,213.  Obtneb,  F.  J Drawing  from  Casks. 

1,249.  Stanbbidge,  S.  W.  . .  Preparing  Malt. 

1,275.  Matthews,  C.  P Cai^-enamel. 

1,336.  Lake,  W.  E.  (from  J. 

McCobhice) Brewing. 

1,371.  Heddle,  J Clafifying. 

1,386.  Wabne,  J Cooling. 

1,481.  Heath,  W.  E Cooling. 

1,579.  MiONOT,  L Eefrigerating. 

1,774.  BoLANP,  P Yeast. 

1,814.  MoBTON,  E Cooling. 

1,895.  Cabb,  T Malt-mill. 

1,969.  Maximos,  N.C.  (from 
A.  E.  P.  H.  Meb- 

BILL,    E.    HeNEAOE, 

and  H.  Spendelow)  Drying  Malt,  Gh^ain,  &c. 

1,973.  Coffey,  J.  A Eoasting  Malt,  &c. 

1,994.  Wilson,  H Cooling. 

2,021.  Tebby,  St.  G.  A.  (from 

A.  Tebby) Finings. 

2,045.  Hopkins,  T.  M Drying  Malt,  &c. 

2,145.  GiBBS,  W.  A Drying  Products. 

2,231.  Bennett,  8 Worts. 

2,245.  Gale,  J.,&  H.  Obmston  Finings-macbine. 

2,429.  SiLCOCK,  W Grain-screen. 

2,522.  Fbankenbebo,  A Eaising  and  Drawing  Beer. 

2,618.  Head,  F.  J Beer  Taps. 

2,673.  Fbankenbebo,  A Eefrigerating. 

2,842.  Eennie,  J.,andT.HAL- 

LEDAY Furnaces  for  Coppers. 

2,891.  Eeeoe,  E Cooling. 

2,918.  Mf.tt.ef.,  0.  W.,  and  T. 

W.  Smith Tapping  Barrels. 

2,943.  Newton,  W.  E.  (from 

C.  A.  Seely) Hop-extract. 

2,969.  Hebbino,  E.  (from  B. 

Child)    Sulphited  Finings. 

2,987.  Kendall,  I.  S Ca^-enamel. 

3,076.  Eead,  W.  T Purifying  Beer. 

3,210.  MoBT,  W.    (from  E. 

D.  NiooLLE  and  T. 
8.  Mobt)  Cooling. 

„    3,264.  GnJMAN,  A.  W.,  and 

8.  Spengeb Fining  and  Preserving  Beer,  &c. 
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1870  {eanttnuei). 

No.  3,296.  Oakgee,  J Eefrig^rators.  [liquids.^ 

„    3,851.  Calyebt,  G.  a Drawing  OS    and   Measuring 

1871. 

No.       54.  Hydes,  T.,  and  J.  and 

J.  E.  Bennett  ....  Cooling. 

,,       541.  Eennie,  J Boiling-furnaces. 

„       607.  QnjiMAN,  A.  W.,  and 

S.  Sfenoeb    Brewing. 

„       793.  Wilson,  P Bushes. 

„       835.  West,  H.  J Bushes. 

„       876.  Bock,  J Drying. 

962.  Halliday,  T Brewery  Furnaces. 

975.  Steel,     J.,    and    H. 

Wilson Befrigerators. 

„       992.  MuBDOCH,  H.H.  (from 

E.  Bottqeb) Befrigerator. 

„       993.  Spenoer,  G Grain  and  Malt  Bins. 

„    1,078.  Pontitex,  C,  F.  Pon- 

tifex  and  A.  Sheb- 

WOOD  ....   : Cask-washing. 

„    1,203.  Staffeb,   H.,   and  S. 

Btaffeb Drawing  and  Baising  Beer. 

„    1,232.  Gabton,  W Saocharum. 

„    1,390.  Smith,  J.  W Fermentation. 

„    1,480.  TxTBNOOK,  J Attemperator. 

„    1,651.  MowBBAY,  B Treating  Maize. 

„    1,891.  Andbews,  G Drawing  from  Casks. 

„    1,970.  Gbanyille,  W.  L.    . .  Corking-machine. 

„    2,040.  CuBTis,  W.  J Extracting. 

„    2,095.  Bonneyille,  H.  A.  . .  Bottling. 

„    2,001.  Matthews,  C.  P Brewing. 

„    2,113.  Peabson,  T.  C Cask-tilt  (Automatic). 

„    2,225.  Pasteub,  L Brewing. 

„    2,290.  Leadbetteb,  J Brewing-pans. 

„    2,571.  NoBTON,  J.  L Drying  Grain,  Malt,  &c. 

„    2,650.  Cole,  T Vent-pegs. 

„    2,716.  Howlett,  p.  J Vent-pegs. 

„    3,026.  Willison,  B Befrigerators. 

„    3,200.  Gbeooby,  E ImproYing  Beer. 

„    3,291.  Stanley,    B.    and   J.  Malt-kiln  Tiles. 

1872. 

No.        9.  Geohsoan,  S Cask-brander. 

„       130.  Dayis,  W Automatic  Vent-pegs. 

„       190.  Gaskell,  P Beer-pump. 

,y       198.  Banolas-Abnau,  B.  . .  Begister-tap. 
y,       314.  GiBBS,  W.  A.,  and  A. 

BoBWiCK    Drying 

„       327.  CuBTis,  W.  J Infusion-extract. 

„       329.  Lake,  W.  B.  (from  D. 

A.  Clabks)    Preserving  Hope. 

„       376.  Bonneyille,     H.    A. 

^rom  E.  Beckman- 

Olofson)   Bye-malt  Brewing. 


LIST  OF  PATENTS.  586 

1872  {eofUtnued). 

No.     439.  NoTAEA,  C Separator. 

502.  Bell,  A.,  &  J.Walker  Brewing-coils. 
750.  Johnson,  J.  H.  (from 

J.  J.  Hionette)    . .  Separator. 

865.  Webneb,  J Cask-enamel. 

899.  Oabton,  W Preparation  of  Brewing-material. 

912.  Tbdoceb,  W Glass  Cask-head. 

1,018.  CoALBS,  F Brewing-material. 

1,203.  Bablow,  H.  B.  (from 

A.  Naeoeli) Cooling. 

1,882.  Johnson, J.  H.(fromO. 

M.  Wells)    CuringjGfrain. 

1,396.  Tttbneb,  H Wire  Iloors. 

1,455.  Johnson,  D Cleaning  Grain. 

1,586.  Lake,  W.  E.  (from  H. 

C.  Cayaye)    Treating  Maize. 

1,630.  CoBBETT,  T Dressing  Grain. 

1,702.  NoBTHOOTE,  G.  B.,  jun.  Cask  Gauge. 
1,803.  Bay,  A.  (from  P.  M. 

Pebbbllon) Cask-YalYO. 

1,821.  Pbbby,  a Drying  and  Boasting  Malt,  &c. 

1,835.  Gooding,  B.  A Measuring  Tap. 

1,911.  NoBTON,  J.  L.,  and  J. 

H.  Cabteb    Treating  Grain. 

2,054.  Johnson,  J.  H.  (from 

P.  Nezebattx)  ....  Cooling. 

2,060.  YooAN,  J Blast  MoYator. 

2,108.  Smith,  G Air-filter  to  Casks. 

2,180.  CoNBON,  P.  B Mashing-gear. 

2,188.  Lake,  W.  E.  (from  J. 

ELabbis) MeYator. 

2,192.  Benson,   M.  (from  S. 

Howes,  A  &N.  Bab- 
cock,  and  C.  Ewell)  Smutter  and  Separator. 
2,266.  MiLBXTBN,  B.,  and  H. 

Jackson Drying. 

2,351.  MooBE,  G.  M Heating  and  Cooling. 
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2.365.  Hadley,  S.  H.  (horn 

P.  Cabdailhac)    . .  Cleaning  Grain. 

2.366.  Lane,     J.,   and     W. 

Onions  Malt-rolls. 

2,395.  WiLUAMS,  J.  G Brewing. 

2,405.  McKiNLAY,  P. Treating  Bice,  ftc. 

2,516.  McFablane,  T.  D.    . .  Blast  ConYeyor. 

2,548.  Bbyce,  a Cask-brander. 

2,691.  Tomlinson,  B Dressing  Grain. 

2,752.  Smyth,  A.,  and  C.  T. 

Bamsay Belt-diying. 

2,879.  Adam,  J.  L Tap. 

2,928.  Hickman,  J.  W Taps. 

3,041.  Steel,  J Cooling. 

8,073.  Hamilton,  J.,  and  B. 

Patebson  Backing. 

3,080.  Bbthell,  H Neutralising  Beer. 

3,107.  Elxjnoton,  E.  B.,  and 

J.  L.  Liddbll    ....  EloYator-lioppers. 
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1872  (ocmttnued). 

No.  8,372.  Bead,  W.  T Botfling. 

,,    8,389.  Mills,  B.  J.  B.  (from 

J.  F.  Wood  and  F. 

F.  Bkinneb) Smutter. 

„    3,449.  Davisojt,  E Brewing  PlaiLt. 

„    3,475.  Ubb,  J.  M.    ........  Measuxmg  Tap. 

„    3,483.  Johnson,  S Tap-strainer. 

,,    3,486.  JoHNBOK,  J.  H.  (from 

A.  HmrrEB  and  E. 

H.  Osbobn)   Separators. 

„    3,708.  Weston,  J.  H Yent-pefi^. 

„    3,833.  Thobp,  T Bnsh-valve. 

„    3,956.  Johnson,  J.  H.  (from 

£.  Legonte) Treating  Haize. 

„    3,960.  OoBNiSH,  K.  H.,  and 

A.  Strange    Casks. 

1873. 

No.     202.  Gbdge,  W.  E.   (from 

A.  Goxjeslain)  ....  Tap  and  Vent-peg. 

„       418.  Chambers,  B Cleaning  Qrain. 

„       536.  Marsters,  S Cooline. 

„       599.  Sutton,  C.  W Neutr^sing  Beer,  &c 

„       640.  FhEMLiN,  B.  J Cleansing  and  Seasoning  Casks. 

„       737.  Marsters,  S Cooling. 

„       821.  Pnn.LTPs,  G Boasting  Malt,  &c. 

,,       954.  Paterson,  B CoUapsiole  Casks. 

„       998.  Hare,  E.&  J.O. Ardbon  Ghtun-screens. 

„    1,010.  Fremlin,  B.  J Cleansing  and  Seasoning  Casks. 

,,    1,044.  Fearse,  E.  E Glucose. 

„    1,083.  Lawrence,  W Cooling. 

„    1,106.  Clark,  A.  M.  (from  L. 

Pasteur)    Preserving  Beer. 

„    1,130.  Barlow,  H.  B.  (from 

N.  J.  Galland)  ....  Cleaning  Casks. 
„    1,346.  Barlow,  H.  B.  (from 

N.  J.  Galland).  . , ,  Cooling. 

„    1,382.  Hockley,  W Cask-enameL 

„  1,392.  Faulkner,  J.  H.,  and 

W.  Tatters Measuring-taps. 

„    1,443.  Barlow,  H.  B.  (from 

N.  J.  Galland).  . . .  Cooling. 
„    1,529.  Lyon,  H.,  andE.  Bob- 

iNsoN Vat-float  and  Bell. 

„    1,551.  Dobellb,  A Separator. 

„    1,612.  Lees,   S.  S.,  and  F. 

Faxtlkner Bousing-gear. 

„    2,029.  Beanbs,  E Checking  Fermentation. 

„    2,042.  Hatschek,  M Brewing. 

„    2,075.  GuENARD,  J Drying  Grain,  &o. 

„    2,155.  West,  H.  J.  (from  H. 

Whyhfer) Filling  Casks. 

„    2,215.  Aoeb,  N Bush. 

„    2,300.  Boby,  B Separator. 

„    2,436.  SwoNNELL,  G.  H Malt-kiln  fired  with  Chalk. 

„    2,470.  Wbiqht,  E.  O Cutting  Finings. 
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1873  {emiinued). 

No.  2,500.  Nextbeoeer,  A Befrigerators. 

2,513.  MgEay,  M Cask-enamel. 

2,547.  Mttbdoch.  H.  H.  (from 

C.  Haggerscaoher)    Cleaning  Ghrain. 

2,619.  Chahbebs,  B Cleaning  Grain. 

2,682.  Wetherill,  J Drjdng  Malt,  Q-rain,  &c. 

2,729.  Clarke,  J.  P Preserving  Bungs. 

2,806.  Stakiland,  J.  T Bestoring  Screens. 

2,850.  PuRiTELL,  J.  J.,  and  B. 

GK)RRiLL Bush. 

2,929.  GEDGE,W.E.(£romA. 

A.  Balat) Cleaning  Grain. 

3,009.  Baker,  T Bung-hole  Caps. 

8,018.  Marsden,  E Boiling. 

3,056.  GiLLMAir,A.W.,and8. 

Sfenoer Neutralising  Beer. 

3,068.  BucHHOiz,  J.  A.  A.  . .  Bruising  Ghrain. 

8,074.  Smith,  B.,  jun Decorticating  Bice,  &c. 

3,098.  Gray,  J.  W Decorticating  Bice,  &c. 

8,127.  Blott,  a.  P Tap. 

3,294.  WiRTH,F.  (from  A.  V. 

SchtiKmmer) Malt-turner. 

3,392.  Ambler,  W.,  and  W. 

Gawthorp Tap. 

3,456.  Branson,  W.  P Boasting  Malt,  &c. 

3,482.  Symington,  B.  S Heat-record  and  Alarm. 

3,605.  Haygrapt,  G Cask-washing. 

8,877.  Tooth,  A Treating  Beer. 

4,203.  HoDsoN,  W Glass  Swan-necks  for  Union-Casks. 

4,266.  Allin,  S.  S Dressing  Grain. 

1874. 

No.       60.  GiBBS,  W.  A Dryinfi^. 

55.  Perry,  B.  G Kilns  for  Malt,  &c. 

222.  Whalley,  J Decorticating  Bice. 

289.  LooKWOOD,  P.  E Concentrating  Beer. 

383.  Harrison,  J Befrigerator,  &c. 

.   480.  Clark,  A.  M.    (from 

L.  Chiozza) Treating  Maize. 

508.  Garton,  W Treating  Grains. 

678.  Barlow,  H.  B.  (from 

N.  J.  Galland)    . .  Maltine  and  Brewing. 

1,031.  Webb,  C.  B.  S Cask-fflling. 

1,168.  Buss,  E Taps. 

1,196.  Morgan,  F Cask-piston. 

1,242.  Wise,  W.    L.    (from 

J.  Sboril) Maltinff . 

1,361.  Southby,  E.  B NeutraHsing  Beer. 

1,488.  Pye,  T.  B Fermentation. 

1,498.  Prektice,  T Grain-screen. 

1,543.  WiLSHER,  H.  B Coupling  Beer-pump  to  Casks. 

1.693.  TwiooE,  N Bice-deansing. 

1.694.  Clark,  A.  (from  C.  L. 
Bidoway) Cooling  Beer. 
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1874  {eoneinued). 

No.  1,705.  Clabk,  a.   M.    (from 

J.  L.  Tbosteb)  ....  Concentrated  Wort. 

,,    1,758.  Habtley,  J Fermentation-yats. 

,,    1,801.  Hendeesok,  A.  G.,  and 

D.  BrrcHiE    Befrigerators. 

1,882.  Bainfohth,  W.  &  W.  Grain-BcreenB. 
1,988.  Bablow,  H.  B.  (from 

N.  J.  Oallaitd)    . .  Malting. 
2,083.  Johnson,  J.  H.  (from 

T.  A.  Bbeithaupt)  Hop-preserving. 

2,116.  HoTJOHTON,  W Cleaning  Grain. 

2,387.  FoousY,  J.  C Malt-bread,  &c. 

2,447.  Taylob,  B.  8 Taps. 

2,559.  Febby,  a Boasting  Malt. 

„    2,937.  Sadtty,  J Dressing  Grain. 

2,991.  Bycboft,  H Cooling. 

8,121.  Thboop,  J.  W.  (from 

G.  £.  Thboop) Cleaning  Grain. 

„    3,123.  Edwabds,  J Taps. 

3,208.  WiSB,  W.  L.  (from  J. 

Zbobil  [8bobil]).  .  Malting. 

3,309.  Sezille,  A Decortication  by  Acid. 

„    3,372.  Webb,  C.  B.  S Backing. 

„  3,524.  WiBTH,  F.  (from  A. 
Stengeb     and     A. 

Waleeb)  Malting. 

„    3,598.  Febby,  B.  G Drying  Malt,  Grains,  &c. 

„    3,639.  Manbb£,  F.  L Saccharification  by  Acid. 

,,    3,731.  Cbessey,  T.  S Malt-screen. 

,,    3,796.  Mabsh,  W.  B Treating  Bice. 

„    3,810.  Mabsh,  W.  B Treating  Bice. 

„    3,811.  Mabsh,  W.  B Treating  Bice. 

„    3,909.  O'Sullivan,  C,  &  W. 

G.  Valentin Dextrine-maltose. 

,,    3,950.  Gabton,  W Glucose. 

„  3,982.  Laubabede,  C.  (from 
V.  F.  C.  Baud  and 
A.  A.  Saulxubes)  . .  Maize-brewing. 

4,127.  Shanks,  W Floating  Mourn  to  Beer-Syphon. 

4,170.  BucHHOLZ,  J.  A.  A. . .  Decorticating  GFrain. 

„    4,180.  Bbuce,  W Fining  and  Bottling  Beer. 

„    4,289.  Chambebs,  B Cleamng  Grain. 

„    4,312.  Bead,  W.  T Sulphate  of  Magnesia. 

1876. 

No.      69.  Ellis,  T Drying  Yeast. 

,,       213.  Shand,  G. Maturing  Beer,  &c. 

,,       234.  GiLLMAN,  A.  W.,  and 

S.  Spenceb    Aerating  and  Bottling  Beer. 

„       237.  Clabk,   a.   M.   (from 

L.  Macqu^:) Grain-mill. 

„       351.  Weathebbt,  C.  F.  N.   Befrigerators. 
,,       381.  Johnson,  J.  H.  (from 

W.  Adamson)    ....  Treating  Starchy  Matter, 
y,       579.  Manbb£^  a Extraction  of  Oil  from  Cereals^  fio. 


ft 
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1875  {earUtnued). 

^o.     601.  CuTLEB,  W Glass-lined  Fennenting  Vessels^ 

708.  Sadtty,  J Dressing  Grain. 

732.  Yak  Geldeb,  P Dressing  Grain. 

761.  Lake,    W.   E.   (from 
H.  W.  Shepabd  and 

B.  Seamen)   Air-regulator. 

775.  OtoocHy  Sea  F.  S Electro-reg^ulation  of  Befrigerators. 

810.  Johnson,  S.  H Glucose. 

908.  HiGOiNBOTTOM,  J.,  and 

£.  HiTTCHiNSON. . . .  Cleaning  Grain. 

1,073.  McKay,  F.  N Cooling  Malt-floors. 

1,083.  Lesswabe,  J.  N Conversion. 

1,193.  HiooiNBOTTOM,  J.,  and 

E.  Hutchinson.  . . .  Cleaning  Grain. 

1,489.  PsABSE,  E.  E Glucose. 

1,530.  TuBNOOE,  J Attemperator. 

1,724.  Manbb£,  a Glucose. 

1,774.  EicHABDSoN,  C Solution  of  Saccharines. 

1,806.  Bbown,  H.  T Hop-sparging. 

1.886.  Walkeb,  a.  B Brewing-gear. 

1.887.  Walkeb,  A.  B Casks. 

1,894.  Sayill,  E Skimming. 

1,911.  Hjgoinbottom,  J.,  and 

E.  Hutchinson  ....  Cleaning  Grain. 

1,971.  KuNKLEB,  E Malting. 

2,007.  Clabk,   a.  M.   (from 

L.  Chiozza) Extracting  Oil  from  Grain. 

2,027.  Eli,  A.  J Drawing  from  Casks. 

2,138.  Wise,   W.    L.    (from 

L.  Hebbmann^  ....  Malt-kUn  Floors. 

2,238.  Buttebwobth,  A Beer-engine  Tap. 

2,268.  FoBDBED,  J Malt-food  for  Stock. 

2,293.  Leathebland,  J Dressing  Grain. 

2,340.  WAB0N,M.,andF.W. 

Willoox   Fan. 

2,435.  Seyebn,  G Befrigerators. 

2,471.  SiziLLE,  A Malting. 

2,506.  BosE,  H.  J.  F Separator. 

2,609.  DiKON,  F Seasoning  Casks. 

2,692.  Bone,  W Gleaning  Grain. 

2,702.  GiLLBCAN,  A.  W.,  and 

S.  Sfenceb    Bottling. 

2,712.  Gibbons,  C.  B.,  and  B. 

Allison Preserving  Beer. 

2,766.  Bakeb,  T.  H.,  and  D. 

W.  FoBBES     Hop-  and  Malt-dxying. 

2,904.  Mason,  M.  F.,  and  G. 

Andebson Bottling. 

2,933.  Thompson,  B.  W.,  and 

C.  Lampitt    Separator. 

2,942.  Wood,  J Malt-kiln  Tiles. 

2,964.  Bbinsmead,  H Screens. 

3,049.  Cousins,  C Screens. 

3,107.  Buchholz,  J.  A.  A.. .  Dressing  Grain. 

3,338.  Lesswabe,  J.  N Glucose. 

3,481.  Alun,  S.  S Dressing  Grain. 

3,687.  Gill,  F.  N.  G Adding  Alcohol  to  Wort. 
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1875  (continued). 

No.  8,744.  Catchpole,  J.  L Cleaning  Grain. 

),    8,788.  Cooper,  J Automatic  Cask-tilt. 

„    8,855.  Wilson,  J Mashing. 

„    3,929.  Lake,  W.  E.  (from  G. 

L.  Squiee)     Cleaning  Grain. 

„    4,008.  AsHTON,  H Blending  Taps. 

4,079.  Baelow,  H.  B.  (from 

N.  J.  Galland)    . .  Fermentation. 

4,1 1 1.  Hnx,  J Drawing  Beer  from  Cask. 

„    4,218.  Demmee,  B Malt-mSl. 

„    4,224.  Eendle,  E Bottling. 

„    4,274.  Broadbent,  T.,  and  D. 

Beown    Extracting  Hops. 

,,    4,328.  Thompson,  J Mashing-g^ear. 

„    4,338.  MoEOAN  -  Beown,  W. 

(from  H.  &  G.  Eose)  Cleaning  Gh*ain. 
„    4,465.  Childs,  A.  B Cleaning  Grain. 

1876. 

No.       31.  Johns,  T.  H Eaising  Beer. 

,,         50.  Feanklin,  a.  C.  F.  . .  Cooling. 

„       143.  West,  H.  J.  H Eefri^erating. 

„       509.  Beodie,  D Mashmg. 

519.  Feee,  E.  (from  Pbu- 

vosT- Volant  &FiLs)  Malt-kilns. 

586.  Wilson,  T.  B Drying  Grain. 

612.  Haggett,  W Malt-kiln. 

,,       664.  Walker,  A.  B Heating,  Cooling,  Distilling ;  Con- 

densing,  Maltmg,  and  Saochari- 
fying. 
„       901.  Gill,  C.  H.  (from  F. 

N.  G.  Gill) Brewing. 

„    1,311.  Gaeton,  W Brewing-materials. 

„    1,323.  Gaeton,  W Brewing-materials. 

,,    1,335.  GiLLMAN,  A.  W.,  and 

S.  Spencee Bottling  Beer. 

„    1,365.  Gibbons,  E.  A Making  Casks. 

„    1,380.  GiBBS,  W.  A Drying  (h*ain.  [Gas-pressore. 

,,    1,483.  BuLLouoH,  W.  H.    . .  lifiting  Beer,  ftc.  from  Barrels  bv 
1,684.  Smith,  T.  J.  (from  E. 

A.  Heueeusb)  ....  Mashing. 

1,714.  Blaxe,  a Treating  Malt-grains. 

1,837.  Baeotsley,  J.,  andE. 

Haboeeaves Drawing  from  Casks. 

,,    1,865.  Lloyd,  A Preparation  of  Food  and  Drink. 

„    2,025.  Valentin,  W.  G Dextrine-maltose. 

„    2,162.  Massey,   G.,   and  H. 

Knott    Taps. 

„    2,260.  Clark,  A.  M Beer-taps. 

„    2,308.  Lyttle,  W.  a Drying  Malt. 

„    2,380.  FiEMAN,  H.  8 Drying  Malt,  Hops,  and  Grains. 

„    2,405.  WiETH,  F.  (from  Errz, 

Brothers) Malt-turner. 

„    2,825.  Barlow,  H.  B.  (from 

N.  G.  Galland)    . .  Pneumatic-malting. 
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1876  (continued). 

No.  3,021.  Clabk,  A.M.  (from  Ot. 

Schock) Cask-washer. 

„     3,076.  Simpson,  R Brewing. 

„    3,151.  FoEREST,   A.    and    C.  Drying  Grain. 
„    3,468.  Tasker,  W.  (from  C. 

A.  DuPBEz)    Cleansing  Grain. 

„    3,521.  BoDDiNGTON,  H Brewing. 

,,    3,713.  Laweence,  W Befrigeratdng. 

„    3,724.  WrBTH,   F.   (from  G. 

Ellenbeboer)    ....  Grinding  and  Mashing. 

„    3,749.  Perry,  A Malting  and  Drying. 

„    4,298.  SoTTTHBY,  A.  G Automatic  Mashing. 

„    4,301.  Johnson,  J.  H.  (from 

H.  Leoru    and  G. 

Sencier)     Purifying  Saccharines. 

„    4,317.  McDiARMTD,  F Casks  and  Taps. 

„    4,540.  Dewrance,  J.,  and  J. 

Mallinson     Cocks. 

„    4,552.  Brewer,  E.  G.  (from 

BoTTiJEu,  Bros.,  and 

Charlon) Drying  Ghrain. 

„    4,632.  ScHOLES,  E Steam-drying. 

4,649.  NiCHOLLs,  J.  R Overflow-receiver  in  Fining. 

4,713.  Johnson,  J.  H.  (from 

C.  Volckner)    ....  Malting. 

4,771.  Brook,  L Beer-preservation. 

4,787.  GK)ODwiN,  A Drawing  and  Forcing  Liquids. 

„    4,961.  HoYNE,  J.  F Drying  Malt. 

„    4,979.  Shaw,     T.,  and     W. 

Blackbxtrn    MeasuringandDrawing  Off  Liquids. 

„    4,995.  Lake,  W.  R.  (from  0. 

F.  Boomer  and  H. 

R.  Randall) Malt-syrup. 

„    5,056.  Sherwin,  G.  E Crushing  and  Grinding. 

1877. 

No.       80.  Garrett,  N.  D Making  Yeast. 

„       381.  CiARK,  A.  M.  (from  J. 

Guardiola)  Drying  Grain,  Malt,  &c. 

404.  Simpson,  U.  8 Vent-peg. 

437.  NAWROCKi,G.W.(from 

K.  ScHULTz) Refrigerating. 

508.  Henljts-,  T.  F Saccharification. 

514.  Gardiner,  W Testing  Malt. 

567.  Bowing,  J Filter-pre^. 

827.  DxTVAixoN,    G.  and  J. 

CsETE Refrigeration. 

850.  PiEPER,    C.    (from  L. 

Drevermann)    ....  Filter-press. 
866.  Lasoelles,  C.  T.  E.   . .  Store-vats. 
878.  Johnson,  J.  H.  (from 
E.  KoBosiNSKi,  and 

P.  Landowski) Malt  Beverages. 

1,034.  Bell,  H.  and  J.,  and 

J.  J.  Coleman    Refrigerating. 
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1877  {continued). 

No.  1,044.  Peepee,  C.  (from  J.  P. 

Lipps)     Beer-cooler. 

„    1,150.  Cabless,  E Cask-filling. 

„    1,161.  Wise,  W.  L.  (from  J. 

A.  Sauldin) Malting. 

,,    1,183.  LocKwooD,  P.  E Treating  Malt-liquor. 

„    1,227.  Haddan,  H.J.  (from  C. 

Pohl) Cask-cleaning. 

„    1,233.  Perkins,  H.  H Hop-substitute. 

„    1,362.  McFadzean,  C Elevating  and  Gleaning. 

1,968.  Clabk,  a.  M.  (fromL. 

Chiozza)     Steeping  Maize. 

2,391.  Baklow,  H.  B.  (from  J. 

Abmenoaud) Malting. 

,,    2,502.  Behnett,  J.  E Hop-press. 

,,    2,726.  LiEBERT,  J.  A.  (from  8. 

A.  Liebebt) Making  Yeast. 

„    2,728.  Bbowne,  A.  (from  L. 

Nicond) Kefrigerators. 

,,    2,896.  Simmons,  G Bousing. 

„    2,929.  Smith,  J.  T.  (from  E. 

A.  Heubeuse)    ....  Mashing. 

,,    3,020.  Saboeant,  E Beer-tap. 

„    3,226.  CoNBADi,  H.  (from  W. 

V.  Sydow)      Mashing  Maize. 

,,    3,252.  Debbtshibe,  J Filter-presses. 

„    3,275.  Chapman,  T.  J.,  &  J.  G.  Bottiing  Beer. 
3.328.  Lake,  W.  E.  (from  L. 

Nemelka) Eoller  Mill. 

3,332.  Bubbidoe Preserving  Beer. 

„    3,349.  EoHDE,  J.  C.  A Air-filter  for  Beer-pumps. 

3,378.  Taskeb,  J.  W Cask-brush. 

3,398.  Eobebts,  G.  C Eehigerating. 

3,474.  Maheb,  C Casks. 

3,478.  Dagnall,  C Vent-pegs. 

„    3,548.  Bbecknell,  J Domestic  Brewing-apparatuB. 

„    3,589.  Lake,  W.  E.  (from  J. 

H.  Brodie)    Grain-kiln  and  Gear. 

3,603.  Adams,  G.  A Eegistering-tap. 

3,607.  Knott,  K Eefrigerating. 

3,714.  Slater,  J Casks. 

3,731.  Cbessey,  T.  S Treating  Malt. 

3,831.  Clabk,    A.  M.    (from 

A.  Mabbeau)    ....  Malting. 

3,902.  McDonnell,  A Bottling. 

3,931.  Swindells,  J Cask-stand. 

„    3,950.  Gabton,  W Brewing-sugar. 

4,069.  Taylob,  H.  B Cosk-tilter. 

4,106.  Seable,  E Malt-kiln- ventilator. 

4,194.  Steel,  J Coppers. 

4,269.  Stewart,  A.  and  C. . .  Cocks  and  Taps. 

4,325.  Clarke,  J.  S Closing  Empty  Casks. 

„    4,364.  Lake,  W.  E.  (from  J. 

M.  Galt)  Cleaning  Grain. 

4,454.  Justice,  P.  S Tap. 

4,510.  Walker,  A.  B Brewing-  and  Distilling-plant. 
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1877  {continued). 

No.  4,668.  Dakoebfield,  J Sell-closm^  Tap. 

„    4,680.  SoiTTHBT,  E.  E Maahing  Maize. 

fy    4,693.  Haxcoge,  J.  L Gas-aeration,  &c.,  of  Beers,  &o. 

„    4,808.  Wilson,  J.  C Brewing. 

1878. 

No.  9.  HlLDEBBAimT,  J.  A.  E. 

(from  E.  Hahx)  . .  Mechanical  Malt-kilns. 

„       389.  HoDSON,  J Treating  Hops  and  Beer. 

„       506.  CoRBtABE,  E.  n Vessels  for  Distributing  Liquids. 

„       580.  Lawbence,  W.  and  G.  Eefrigerator  and  Calonfiers. 

„    1,121.  Fenwigk,  J Brewing-vessels. 

„    1,122.  Siddelet,  J.,   and  F. 

N.  Maceat    Attemperators. 

1,485.  WntTH,  F.  (from  Mabe 

and  Co.)     Malting. 

1,722.  HiOGiNBOTTOM,  J.,  and 

E.  Hutchinson  ....  Grinding. 

„    1,787.  CoBBTE,  E.  E Eeffistering-taps. 

„    1,855.  Pbaqeb,  M.  M Making  Yeast. 

„    2,043.  Fbeakley,  W Filter-p^ess. 

,,    2,052.  Gbaham,  0 Fermentation. 

„    2,078.  Nawbocki,  G.  W.  V. 

(from  F.  Littmann)  Attemperator. 
„    2,321.  WiBTH,   F.   (from  D. 

Gbubeb)     Malting. 

,,    2,507.  Love,  H Preserving  Yeast. 

„    2,692.  SrDDEiiET,J.,andA.M. 

Deabn    Eousing. 

„    2,954.  Obohabt,  W.,  and  E.  [menting  Casks. 

Walpole   Eeceivers  for  Overflow  from  Fer- 

„    3,085.  Habdino,  J Attemperator. 

„    3,135.  Neal,  T Coffee-,  Malt-,  &c.,  Eoaster. 

3,896.  Gbetton,  F Treating  Hops  in  Brewing. 

4,028.  Hassall,   A.  H.,  and 

0.  Hbhneb    Yeast. 

4,301.  Simon,    H.   (from    G.  [Grain. 

Kuhnehann) Extracting  Sugar  and  Proteins  from 

„    4,420.  Copley,  J.  C Cask-cleaning  Fluid. 

4,477.  Gbeffin,  S.,  and  T.  A. 

Peabce  Skimming. 

4,533.  Nawbocki,  G.  W.  V. 
(from   F.  Eeichen- 

kbon) Yeast. 

4,566.  SoBBELL,  W.  H Eousing. 

4,668.  OLABK,A.M.(fromA.E. 

Feboe&  J.  Bennett)  Mashing. 
4,958.  Lake,  W.  E.  (from  C. 

W.  Boynton)    ....  Malt-  and  Grain-  kilns. 
5,172.  Taskeb.  J.  W.  (from 

C.  A.  DuPBEz) Malt-mill. 
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1879. 

No.     255.  Wise,  W.  L.  (from  J. 

Dbomel)    Brewing. 

Pp2 


694  MALT  AND  MALTING. 


1879  {continued). 

No.    320.  Holland,  H.  0 Finings. 

„       422.  Yeadon,  J Brewing-pans. 

„       531.  TiZARD,  P Malting. 

„       672.  At.kx andeb, E. P. (from 

A.  Millot) Gleaning  Gbuin. 

„       720.  Nawrocjki,  G.  W.  V. 

(from  0.  ScHEiDio)  Malting :  Drying  Grain. 

„       722.  Gbaham,  C Yeast. 

„       808.  Eeynolds,  a.  J Drying  Hops. 

,,       999.  Simon,   H.    (from  N. 

Galland) Malting. 

„    1,025.  WiRTH,  F.  (from  G.  C. 

Holdeeer)    Brewing. 

„    1,051.  Farqtjhar,  T.  F.  0.,  & 

W.  Oldham Fining. 

,,    1,376.  Johnson,  Jr  H.  (from 

J.  M.  Dalton  and 

C.  Spittlehouse)  . .  Refrigerating. 

„    1,398.  Wilson,  H Attemperating. 

,,    1,480.  Davidson,  S.  0 Drying. 

,,    1,537.  Reynolds,  A.  J.  (from  jf 

J.  H.  Reynolds)  . .  Drying  Hops. 
2,080.  Wise,  W.  L.  (from  F. 

Fanta)   Refrigerators. 

2,440.  Natjmann,  L.,  and  C. 

PiJHL Treating  Hops. 

„    2,502.  Beanes,  F.  E.  V Glucose. 

„    2,583.  WiBTH,    F.  (from  D. 

Gruber) Malting. 

„    2,590.  Welz,     E.,    and    A. 

RiTTNER Brewing. 

„    2,687.  HoYNE,  J.  F Drying  Malt. 

„    2,834.  KuNKLER,  E Concentrating  Beer,  &c. 

„    2,866.  Clark,   A.   M.   (from 

W.  H.  Allen) Weighing  Grain. 

„    2,970.  Coleman,  J.  J.,  and  J. 

Bell Cooling  Air-supply. 

,,    3,050.  Alexander,     E.     P. 

(from  A.  Millot)  . .  Cleaning  and  Grinding  Grain. 
,    3,104.  SiDDELEY,  J.,  and  A. 

M.  Dearn Drying  Yeast  and  Hops. 

„    3,107.  GiLLMAN,  A.  W.,  and 

S.  Spencer     Casts. 

„    3,230.  Bruce,  A.  L.,  G.  Sten- 

HOUSE,  W.McCoWAN 

and  A.  Haddon Dextrine  and  Maltose. 

„    3,235.  Haddon,  H.  J.  (from 

N.  8.  Hayes)    ....  Drying  and  Curing  Hops. 
^    3,305.  CoLLiNGRiDOE,  A.,  and 

H.  R.  Brett Brewing-plant. 

3,481.  MANBRfe,  A Starch-residues. 

3,573.  RiCKABY,  A.  A Heating. 

3,588.  Abel,  C.  D.  (from  0. 

Brafx)  Condensing,  Cooling. 

„    3,706.  Handford,  T.  J Peptone,  Yeast,  &c. 
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1879  (^continued). 

No.  3,773.  McNuLTY,  T.  (from  J. 

M.  Dalton) Eefrigeratmg. 

„    3,780.  BoNSEB,  A.  E.,  and  E.  Boasting. 

„    3,907.  WiLDEB,  B.  J Drawing  and  Blending. 

„    8,917.  Wilson,  E Drying  Orain. 

„    3,996.  MANBiii,  A Maize- starch  Besidues. 

,,    4,014.  Alsinq,  G.  V Filtering. 

„    4,035.  Wilson,  H Malting. 

„    4,301.  Betnolds,  a.  J Drying  Malt  and  Hops. 

„    4,307.  Bbasieb,  E Cleaning  Grain. 

„    4,372.  P&ENDERGAST,  B.,  and 

B.  Fbee Malting. 

,,    4,420.  Stofes,  a.  0 Finings-machine. 

„    4,461.  Alsing,  G.  V Filter-press. 

„    4,584.  OwEB,  0 Air-yalve. 

„    4,685.  Stobbs,   M.,    and    G. 

Seaobave  Drying. 

„    4,848.  TiLLBfAN,  F Mashing. 

„    4,910.  Enoel,  F.  H.  F Treating  Beer. 

„    5,060.  NuNNS,  F Beer-engine. 

„    5,106.  Haio,  H.  V Yeast. 

„    5,171.  Allison,  H.  J.  (from 

H.  Mouohain)  ....  Taps. 

„    5,219.  Fbyee,  a Diying-cyUnders. 

„    5,274.  Ejno,  H.  J.  H Msdt-laln-heat-regulator. 

,,    5,277.  Olabk,   a.  M.  {from 

W.  H.  Allen)  . . . ,  Weighing  Grain. 

1880. 

No.     180.  Ntjtt,  T Furnace  for  Conner. 

,,       277.  Mos8,C.A.,  andotiiers  Steam-jacketted  Tans. 
„       378.  Lake,  W.  B.  (from  W. 

0.  DE  Sanfobd)     . .  Befrigerating. 

„       512.  McGann,  J Fermenting  Glucose. 

„       516.  Vandebohote,  A Saccharifying. 

„       655.  CoLLiNOBiDOE,  A.,  and 

B.  F.  Lecebf    ....  Brewing. 

„       669.  Atkins,  W Aerating  Beer. 

„       682.  Cave,  G.  G Aerating,  Attemperating,  Blending. 

„       697.  HoEKiNO,  F Befrigerating. 

„       704.  Daniel,  H Concentrating  Worts. 

.    „    1,068.  Sohombttbo,  B Beer-fitter. 

„    1,083.  Schombxtbo,  B.  (from 

T.  Bemus) Taps. 

„    1,444.  Babton,  J Mashing,  &c. 

„    1,471,  GiLLMAN,  A.  W.,  and 

S.  Spenceb    Preserving  Beer. 

„    1,867.  Palm,  H.  (from  L.  M. 

V.  Mabkhoff)   ....  Botatory  Maltii^g. 

„    1,881.  DiTODALE,  E Brewing. 

„    1,967.  Wilson,  J.  C Boiling  Worts. 

„    2,000.  Beynolds,  a.  J Drying  Malt. 

„    2,061.  LovBTT,  W.  J Gauge  Tap. 

„    2,115.  O'Bbien,  G Brewing  without  Malting. 

2,245.  Johnson,  J.  H.  (from 

W.  Cbaio) Mashing-gear. 
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1880  {continued). 

No.  2,403.  Pluneett,  J.  B Boasted  Maize. 

„    2,631.  Hodge,  A.  B.,  W.  H.  [ram. 

Hodge,  and  others  Electrolytic  Purification  of  Saccha- 
„    2,701.  Gboth,  L.  a.  (fromO. 

Stahlschmidt)  ....  Preserving  Oasks,  ftc. 
„    2,736.  Johnson,  J.  H.  (from 

E.  PoRiON  and  L. 

Mehat) Treating  Grains. 

„    2,914.  Neale,  B Purifying  Brewery-air. 

„    2,944.  Paktridgb,  W Extraction-machine. 

„    3,020.  Wilson,  J.  G.  (from 

P.  Bahb  &  B.  Bbock)  Treating  Maize. 

„    3,137.  Baxter,  W.  H Weighing-machine. 

3,170.  Neale,  B Purifying  Brewery-air. 

3,178.  Manbr£:,  P.  L Saccharifying  Maize,  Bice,  ftc. 

3,199.  SouTHBY,  E.  B TreatingWheat,  Bye,  Bice,  and  Oats. 

„    3,214.  Db    Pass,    E.     (from 

QuiBi  ET  CiE.)  ....  Malting. 
„    3,309.  CoLLiNGRiDGE,,  A.  and 

B.  F.  Leoerf    ....  Brewing. 
„    3,366.  Lake,  W.  B.  (from  T. 

A.  Jebb  and  L.  J. 
Bennett)   Maize-brewing. 

„    3,454.  Atkinson,  J Steam-coils. 

„    3,469.  CuRRiE,  J Drying  Grains. 

,,    3,542.  Davidson,  W Drying  Grain. 

„    3,899.  Manbr£,  p.  L Saccharifying. 

„    3,950.  Haddan,  H.  J.  (from 

L.    Janssens     and 

E.  Bodart)   Degerming  Maize. 

„    3,969.  Steenbero,   A.  (from 

B.  Jensen)    Gorminator. 

„    3,975.  Fawcett,  J.  A Bran  in  Mashing. 

„    4,147.  NiCHOLLS,  A Float-gauge  in  Squares. 

„    4,385.  Dickenson,  C,  &  J.  W. 

BoBsoN Filtering  Saocharum. 

„    4,403.  Cave,  G.  G Mashing. 

„    4,494.  Lake,   W.    B.   (from 

C.  W.  Bamsay)    . ,  Preserving  Boer. 
„    4,519.  Lake,   W.    B.    (from 

C.  W.  Bamsay)     . ,  Ageing  Liquors. 
„    4.615.  Jackel  -  Handwerck, 

H.  H.  W Cooling. 

„    4,617.  Walker    Portable  Malt-kiln. 

„    4,751.  Soutiiby,  E.  B Maize-brewing. 

„    4,780.  WiRTH,   F.   (from  L. 

Meller)    Aerating  Boer  in  Cask. 

„    4,814.  Shears,  J.  C Samplii:^  Wort. 

„    4,926.  Bloom,  T Wort-copper. 

„    4,945.  Mills,  B.  J.  B.  (from 

H.  HusACK  and  A. 

Hanl)    Yeast-sluice. 

„    4,969.  Specht,  A.  (from  K. 

W.  Weissenborn)  .  Preserving  and  Drawing  Beer. 
„    4,973.  Watson,  1).  McG.,  and 

A.  C.  Botterill  . .  Blending  Worts. 
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1880  {continued). 

No.  5,061.  Bradfokd,  W Blending  Worts. 

„    5,402.  MoEwEN,   J.,  and  8. 

Sfenceb Aerating  Pump. 

„    5,451.  Briebley,    W.   (from 

A.  NoHBiNo) Cooling. 

„    5,468.  Walleb,  R Brewery-lift. 

1881. 

No.       14.  Teitwicik,  J Portable  Furnace. 

„         17.  PtTLDA,  8 Yeast. 

„       181.  Mabtin,  J.  H.  C Husking  Bice. 

„       197.  Lake,  W.  E.  (from  G. 

B.  Boomeb)   Drying  Malt. 

205.  Bayiteb,  T.  G Eefrigerator. 

344.  GnxMAN,  A.  W.,  and 

8.  8fenceb    Gelatinising  Grain. 

„       458.  Makbb£,  a 8accliarifying. 

,,       477.  DuNLEViE,  T Beer-filter. 

„       509.  ToMEiirs,  A.  8.,  F.  M. 

OouBAQE,  and  F.  A. 

Cbacknall    Malt-kilns. 

„       611.  Davenpobt,  W.  W..  .   Steam-coils. 

„       747.  Defty,  H Malt-kiln-stove. 

1,048.  Imbat,  J.  (from  A.  P. 

Dxjbbuntaut)    ....  Maltose. 

1,342.  Clinoh,  C Attemperating ;  Bousing. 

„    1,439.  Westwood,    W.    H., 

and  E.  T.  Wright     Wort-valves. 
„    1,464.  BoNNEVHiLE,     H.    A. 

(from  A.  Robert)  . .  Air-filter  to  Beer. 
„    1,468.  WoBTHiNQTON,  A.   B.  Barley  and  Glucose 

„    1,568.  KiNCAiD,  G.  W Roasted  Malt.  [phoric  Acid. 

„    1,586.  AuiENDEB,  G.  M Arresting  Fermentation  by  Phos- 

„    1,675.  Elliot,  A.  W.,  and  C. 

VAN  Outbiye Roasting  Maize. 

„    1,716.  8tobeb,  J Ammonia  from  Brewery  Waste. 

„    1,742.  Mew,  0.  E.  T Rotatory  Malting. 

„    1,743.  Lake,  W.  R.  (from  E. 

Wblz,&A.Rittneb)  Clarifying:  Exhausting  Grains. 

„    1,886.  Cooper,  A Blending  Agitator. 

„    2,037.  Haddan,  H.  J.  (from 

E.  H.  Potteb)  ....  Drying  and  Roasting. 

„    2,320.  EwBNS,  G.  W Fining. 

„    2,377.  Dioby,  E.  J.  T Fining. 

„    2,448.  Mabtin,   E.,    and   R. 

Benns Colour  from  Rice-malt. 

„    2,502.  Clabk,  A.  M.  (from  H. 

Cutleb) Grain-drying. 

„    2,665.  CooFEB,  A Brewing-coppers. 

„    2,707.  Lake,  W.  R.  (from  C. 

W.  Ramsay) Ageing  Beers. 

„    2,741.  GouGH,  A Colouring. 

„    2,798.  Bennett,  J.  A.  B.,  and 

others Raising  Beer,  &o. 

„    2,899.  XTllneb,  C.  H.  von  , .  Syphon. 
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1881  (eonttnued). 

No.  3,025.  AmoBEw,  C.  H.  (from 

E.  H.  Pottee)  ....  Drying  Malt. 
„    3,063.  Jensen,    J.  (from   N. 

Kasmussen)    Yeast. 

,,    3,147.  Reynou)s,A.J.,&A.Q.  Malting. 

,,    3,149.  Band  ALL,  H.  E Malt-extract. 

„    3,314.  MuiB,  T Maize-brewing. 

„    3,526.  BECK,W.H.(fromJ.C. 

A.  B£liard)   Purifying  Air  and  Gfas. 

,,    3,660.  MoBGAN  -  Beown,    W. 

(from  C.  H.  &  F.  C. 

Heeset) Drying  Grain. 

,,    3,714.  Babrow,  T Brewing. 

,,    3,725.  Cogswell,  H.  D Eefrigerator. 

,,    3,881.  Luck,  E Bousing :  Gelatinisation. 

,,    4,163.  Salamon,  a.  G Treating  Brewery  Waste. 

,,    4,172.  Miller,  F Rouser. 

4,246.  Walkeb,  a.  (from  J.)  Purifying  Hops. 

4,292.  Wood,  A.  E Salicylic  Acid  in  Beer. 

4,357.  Lake,  W.  R.  (from  0. 

Wahl)  Condensing  Beer. 

„    4,380.  Watson,  J.  (from  A. 

Champy)     Malt-tester. 

„    4,411.  Cave,  G.  G Mash-tun-strainer. 

„    4,413.  Cave,  G.  G Wort-filter. 

,,    4,501.  Manbb£,  a Saccharifying. 

„    4,699.  Apthobpe,  W.  H Mashing  Maize,  Bice,  &c. 

„    4,760.  Smith,  P Yeast-skimmer. 

„    4,857.  Lake,  W.  E.  (from  P. 

St.  a.  Basquin)    . .  Drying. 

4.890.  Salamon,  A.  G Filter-press. 

4.891.  FoBDBED,  J Boasting  Grain. 

„      4,959.    HiGGINBOTTOM,  J.,  &0. 

Stuabt Conveyors. 

,,     4,981.   HiGGINBOTTOM,  J.,  &  0. 

Stuabt Grain-bins. 

„    5,171.  Kdtdeb,  a Mash-tun. 

5,560.  Brock,  E.  A Yeast. 

5,739.  KiNDEB,  T.  B Maize-meal. 


it 
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188S. 

No.         5.  Gboth,  L.  a.  (from  M. 

C.  Seitz)    Mashing. 

„       123.  MoRELANO,  B.   .:....  Stillions. 
„       271.  Haddan,  H.  J.  (from 

P.  Lefebvbe,  and  J. 

Naoel)   Purifying  Grain. 

„       588.  Dell,  W.B.  and  others  Cleaning  WTieat. 
„       802.  Mobtok,    W.,     &    P. 

BoBixsoN    Befrigorator. 

„       901.  Fbaskk,  a.  G Degerming  Maixe. 

„    1,022.  Bl\'tuk.  W Elevator. 

„    1,088.  Inskipp,    G.,    and    J. 

McKkn/.ie Copi>or8. 

„    1,188.  Walwoktu,  J Diymg  Malt,  &c. 


It 


tt 

It 
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t  1882  (eontinuei). 

No.  1,197.  Clakk,  a.  M.  (from  G. 

D.  Dennis)    Husking  Eice,  Wheat,  &c. 

1,223.  Pebrt,  a Malting. 

1,235.  Long,  H.,  and  H.Aplin  Bousing. 

1,428.  Fbee,  B Steeping-cistems. 

„     1,525.  FiSHEE,  I Grain-drying. 

1,554.  Beanes,  K Treating  Grain. 

1,679.  Chubch,  M.  (from  D. 

L.  Shoemaker)  ....  Cleaning  Bice. 
1,909.  Denoe,T.,&J.  J.Mason  Malt-extract. 
„    2,012.  FoBBES,  J.,  and  J.  Ham- 
ilton   Aerating  Beer. 

2,014.  Abmstbono,  J.  T Treating  Bice,  Maize,  &c. 

2,076.  Mills,  B.  J.  B.  (from 

W.  F.  Howe)    Malting. 

2,214.  KoBTH,  W Dressing  Grain. 

2,372.  Webb,  T Brewing-syrup  from  Dates. 

„    2,542.  ScHOLFiELD,  SiB  H.  . .  Drying  Grain. 
.,    2,574.  Wetteb,  J.  (from  W. 

Aoeb) Decorticating  Grain. 

„    2,721.  GiLLMAN,  A.  W.,  and 

S.  Sfenceb     Mash-tun  Strainer. 

„    2,995.  MoBiTZ,  £.  B Brewing-solution. 

„    3,017.  BouLT,  A.  J.  (from  L. 

Bapfapobt)   Cleaning  and  Ghrading. 

„    3,074.  FoBSTEB,  W.  G Treating  Hops. 

„    3,117.  Wood,   W.,   and  W. 

Whitakeb     Improving  Beer. 

„    3,135.  HoFF,  L Malt-extract. 

„    3,283.  Pitt,  8.  (from  C.  L. 

Geatiot)    Cleaning  Wheat. 

„    3,407.  MABTDf,  J.  H.  C Husking  Bice. 

„    3,415.  Van  Geldeb,  P Separator. 

„    3,552.  Lake,  W.  B.  (from  C. 

£.  MoNeal) Separator. 

„    3,593.  BEDDiE,A.W.L.(from 

H.  F.  St.  Beqiheb)  Treating  Grain. 

„    3,721.  Babbaclouoh,  A Boiling  Beer. 

„    3,734.  Mansfield,  L.  E Conveyor. 

„    3,851.  Mxtbbay,  G.  W Dressing  Ghrain. 

,,    3,896.  Vabioas,  L.(from  J.E. 

Gent) Brewing. 

„    4,004.  Whttham,  F.  E Brewing. 

„    4,223.  Hone,  G.  J Elevator. 

„    4,244.  Cafel,  G.  M Drying  Grain. 

„    4,277.  Lawbenoe,  W Brewing. 

„    4,335.  BussELL,  J.  B Husking  Bice. 

„    4,372.  Davidson,  J.,  &  others  Cleaning  Grain. 
„    4,610.  HAMFEB,D.W.,andE. 

Habfeb Mashing-gear. 

„    4,611.  , Boiling. 

„    4,612.  , Finings. 

„    4,745.  Clabk,  a.  M.  (from  G. 

E.  and  H.  Cutleb, 
and  B.  T.  Thomfson)  Qrain  Driers. 

„    4,808.  Vaux,  C Cutting  Finings. 
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No.  4,874. 

6,294. 
5,308. 

5,334. 
5,429. 
6,537. 

6,618. 

5,643. 

5,655. 

6,682. 
6,688. 

5,869. 
6,041. 

6,057. 

6,089. 


No. 
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110. 

250. 

267. 

302. 

456. 
557. 

621. 
731. 

789. 

907. 

930. 
957. 

1,083. 
1,123. 
1,206. 
1,389. 
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1882  {continued).  ' 

Clabk,  a.  M.  (from  G. 

Claudon,    and     0. 

ViGREUx)  Yeast. 

Blttm,  J FiniiigB. 

Lake,  W.  R.  (from  L. 

Qathmann)    Cleaning  Ghrain. 

Mabtin,  J.  H.  C Husking  Bice. 

Dakce,  K.  J Storing  Ghrain. 

Lake,  W.  R.  (from  F. 

W.  Wiesebrock)  . .  Grain-drying. 
Lttbbock,  N.  (from  F. 

I.  Sgard)    Fermenting. 

BiDEN,  J.  A.  L.,  and 

W.  V.  BiDEN  (from 

N.PiGEOi^ Mashing-gear. 

BouLT,  A.  J.  (from  L. 

Smith)    Elevators. 

BoBY,  R.,  &  T.  Stevens  Grain-screens. 
Coleman,  H.  S.,  and 

others Separators. 

Abmstbonq,  J Brewing. 

Abel,  C.  D.  (from  L. 

M.  VON  Markhof)  . .  Malting. 
Pitt,   S.  (from  R.  G. 

Starke) Drying  Malt. 

Salamon,  a.  G Neutralising  Beer,  &c. 

1883. 

Allison,  H.  J.  (from 

R.  A.    Messervey)  Refrigerator. 
Haddan,  H.  J.  (from 

W.  Nussbeck)  ....  Cooling  Beer. 
Alexander,  E.P.  (from 

P.  Casamajor) Filtering  Saccharine. 

Newton,  H.  E.  (from 

J.  Puvrez) Brewine. 

Norton,  P.  R    Malt-kihis. 

Abel,  C.  D.  (from  L. 

M.  V.  Markiiof)    . .  Cleaning  Grain. 

Dean,  R Fining  and  Filling  Casks. 

Johnson,  J.  II.  (from 

E.  KoKOsiNKi,  and  E. 

Burnet) Preparing  Malt  for  Brewing. 

De  Pass,  E.  (from  C. 

Gk)LAY)   Malting. 

Abel,  C.  D.  (from  L. 

M.  V.  Markiiof)   . .  Steeping. 

Welsh,  W.  I Taps. 

Alexander,     E.      P. 

(from  C.  Zimmer)  . .  Brewing. 

Van  Gelder,  P Sejmrator. 

IIarley,  J.  M Maize-starch. 

Lawrence,  W Brewing. 

Dance,  K.  J Storing  and  Treating  Grain. 
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1883  {eontinued). 


No.  1,394.  Lake,  H.  H.  (from  F. 


»> 


SuLMA  &  F.  Felix)    Treatmg  Hops. 

1.433.  Peacock,  T.,  and  J.  8. 

SwoBDER    Tap. 

1,458.  Adams,  G.  A Measuring  out  of  Oasks. 

1,510.  Stopes,    H.,  and   W. 

Gbockfobd Thermometer. 

1,550.  BucKNALL,  T.,  &  W.  8.  Brewing. 

1,693.  White,  G Bunghole  Cover. 

2,112.  Dixon,  E.  M Purifjring  Brewing-water. 

2,134.  Luia),K.,  &T.  F.  Hun)  Dressing  Grain. 

2,502.  Powell,  K Sulphite  of  Lime. 

2,660.  Bjobunq,  P.  E Brewing-pans. 

2,663.  Shield,  H.,  and  W.  N. 

Cbookbtt   Separator. 

2,703.  PoLSOK,  J.,  and  J.  M. 

Harley Starch. 

2,714.  Jackson,  J.  P Lager  Beer. 

2,837.  Haddan,  H.  J.  (from 

W.  H.  XJHLAin)  and 

V.  Machovsky)  ....  Pressed  Yeast. 

2,840.  Gatward,  J.  H Separators. 

3,100.  Cleaet,  M OooUng. 

3,129.  Edwards,  E.  (from  J. 

Beumier)   Malt-Hlns. 

3,321.  WiRTH,   F.   (from  A. 

Eeiblen)   Fermenting. 

3,368.  Oadle,  C,  and  J.  T. 

La  Du    Separator. 

3,397.  Lake,    H.    H.    (from 

H.  A.  Hughes)  ....  Clarifying  Saccharine. 
3,436.  Dawson,  W.  E.  T.    . .  Vent-peg. 
3,547.  Trenery,  H.  C,  and 

J.  Naylor Drawing  from  Casks. 

8,714.  Daokus,W.A.,&W.S.  Tapping  Oasks. 
3,831.  Clark,  W^from  A.  E. 

Feroe,  W.  E.  Feroe, 

and  J.  S.  Bancroft)  Beer,  &c. 

3,928.  Linden,  W.  P Treating  Hops. 

4,053.  Thompson,  W.P.(from 

G.  PoMMER,  and  P. 

P.  Ebell) Begulating  Fermentation. 

4,182.  Walker,  J.,   and  A. 

Howell Tapping. 

4,251.  MoisKE,  B Glucose. 

4,343.  Elsworth,  R.  C Vent-pegs. 

4,374.  EiTCHiE,  J Cleaning  Grain. 

4,387.  Haddan, H.J. (from C. 

Coster) Glucose. 

4,408.  Eedfern,  G.  F.  (from 

F.Slama&F. Felix)  Treating  Hops. 

4.434.  Derham,  T Hydrometers  and  Saccharometers. 

4,449.  Watt,  J Malt-kiln. 

4,532.  Bell,  K.  G Preserving  Beer. 

4,757.  Briqos,  S Eefrigerators. 
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1883  (eanUnued), 

No.  4,948.  Enoel,  F.  H.  F.  (from 

M.  E.  Meyer) Pneumatic  Malting. 

„    5,044.  BouLT,    A.    J.    (from 

C.  Laueb) Baising  Beer  by  Qas. 

„    5,046.  BouLT,   A.    J.    (from 

J.  P.  ScHoNio)  ....  Vent-peg. 

,,    5,053.  PoBHL,  0.  E Preserying  Beer. 

„    5,126.  Lake,  H.  H.  (from  H. 

Kunhedc,  and    W. 

Raydt) Clarifying  Beer. 

„    5,197.  Haddak,  H.  J.  (from 

L.  BAin)EYiLL£)    . .  Cleaning  Qrain. 
„    5,444.  Haddan,  H.  J.  (from 

0.  CoLDEWE,  andL. 

Schonjahn) Germinator. 

,,    5,463.  BiRcu,  E.,  and  P.  J. 

Catteball Heating  Beer. 

„    5,614.  Aubebt,  W Preserving  Beer. 

„    5,694.  WiBxn,  F.   (from   G. 

Stein)     Screening  Green-malt. 

,,    5,801.  AimEBSON,     J.    (from 

Lyall,  Gbay,  &  Co.)  Cleaning  Grain. 

„    5,805.  Bbadley,  N Yeast. 

,,    5,890.  FoBDBED,  J Torrefying  Grain. 

5,891.  FoBDBED,  J Dried  Yeast. 

5,963.  SoMBABT,  C.  M.  (from 

B.  MoBius) Befrigerator. 


9t 

tf 


1884. 

No.     639.  Herbebt,  W.  G Grain-elevators, 

„       764    Southby,  E.  B Cleansing  Beer. 

,,       766.  Milne,  J Drying  Grain. 

„    1,269.  Southby,  E.  E Treating  Grain  for  Brewing. 

„    1,401.  Bonne,  C.  E Straining  Yeast. 

,,    1,413.  Haddan,  H.  J.  (from 

C.  Jaquet) Elevator  Cups. 

1,536.  Bonne,  C.  R Purifying  Yeast. 

1,916.  Abkcoll,  C Preparing  Wort. 

„    2,069,  CoLTON,  E.  G.   (from 

V.  WiLHELMi)  ....  Cooling. 
2,468.  Haddan,  H.  J.  (from 

H.  Haokmann)  ....  Malting. 
2,564.  CoLTON,  E.  G.   (from 

L.  Hebbmann)  ....  Malt-drying. 
„    2,694.  UuLUOBN,  D.,  jun.   . .  Husking  Grain. 

,,    2,874.  Black,  J Drying  Grain. 

,,     3,119.  DuNLop,  R Casks,  &c. 

„    3,843.  Read,  W.  T Preserving  Beer. 

„    3,861.  Lysteb,  G.  F.,  and  A. 

G.  Lysteb Elevators. 

,,    4,114.  Ritchie,  J Cleaning  Grain. 

4,182.  Pkmiiebton,  E.  T Brewing. 

4,350.  Mewbubn,  J.  C.  (from 

C.  F.  L.  Fboiibebg)  Separating  Green-malt. 
4,473.  Bell,  R.  G Preserving  Beer. 
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1884  (continued). 

No.  4,563.  DuFRExi,  H.  A.  (from 

N.  Duboc-Bakilly)  Cooling  Beer. 

4,640.  Cbiokheb,  F.  W Mash-tun  Strainers. 

4,690.  HocjKiNG,  H Cooling. 

4,945.  McFaklak^,  J Mashing-gear. 

5,104.  Cooke,  J Wheat-wacQier. 

5,234.  Barbell,  L.  J Corn-screen. 

5,299.  Stephens,  H Cooling. 

5,372.  WiRTH,   F.   (from  G. 

Stein)    Separating  Gbeen-malt. 

5,445.  LoBB,  H.  W Purifying  Beer,  &c. 

5,725.  Haddan,  H.  J.  (from 

B.  Gebvais) Brewing-plant. 

5.745.  Battermeister,  E.L.H.  Husking  Grain. 

5.746.  Plonnis,  E.  F.  L Drying  Grain. 

5.747.  AuBERT,  W.,  jun Aeratmg  Beer. 

5,883.  Brioos,  S Eefrigerators. 

5,903.  StarkeYjT.&G.Clapp  Mashing-gear. 

6,047.  Aplin,  H Coppers. 

6,259.  Powell,  G.  F Making  Yeast. 

6,393.  Abel,  C.  D.  (from  C. 

Zimmer) Brewing-plant. 

6,620.  Sbney,  H Preparing  Malt. 

6,728.  Alexander,     E.     P. 

(from  N.  Galland)   Malting. 

6,830.  Dreohsler,  F.  J Separator. 

7,019.  Maitland,  a Making  Yeast. 

7,209.  Greig,  J r>rying  Hops,  Grain,  &c. 

7,215.  Ejlefer,  G Grain  Cleaning. 

7,898.  Stidolph,  T.  F Separator. 

7,471.  Evans,  P Elevator. 

7,810.  Wills,  W.  H CooUng. 

7,850.  Page,  E.,&R.  Eanoer  Mixing  Lengths. 

7,922.  Heathorn,  G.  J Purifying  Musty  Beer. 

7,967.  Gossi,  M Treating  Grain. 

7,981.  SoHNELL,  A Treating  Grain. 

8,097.  Johnson,  J.  H.  (from 

M.  Marolle)     ....  Conveyors. 

8,171.  Johnston,  J.  W Cooling  Gear. 

8,321.  Stanton,  W.  S Cleaning  Grain. 

8,717.  Bonne,  0.  R Making  Yeast. 

8,742.  HoTTssART,  C.  V Mashing. 

8,898.  QooDFELLOw,  A.  J.  . .  Malthouse-floors. 

9,011.  Flinn,  J Malting. 

9,546.  Brewer,  E.G.  (from L. 

Koppel) Ventilating  Maltings. 

9,804.  CoRBETT,  T Dressing  Srain. 

9,871.  Graham,  C Treating  Bottled  Beer. 

10,044.  Hooking,  H Cooling. 

10,102.  Rainforth,  W.,  sen. 
and  jun.,  and  H.  S. 

Rainforth    Corn-screen. 

10,109.  How,  W.  A Aerating  Beer. 

10,422.  Gale,  J.,  &  R.  Liddle  Brewing. 
10,427.  Shrivell,  F.  W.  E.  . .  Hop-suDstitute. 
10,437.  Groth,  L.  A.  (fromE. 

Ltthmann)  Aerating  Beer. 
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1884  {continued), 

No.10,440.  Gboth,  L.  A.  (from  J. 

A.  Gfall) Preserving  Hops. 

„  10,686.  Clark,  A.  M.  (from  E. 

L.  J.  Boniface)  ....  Fermentmg  Laeyulose. 
„  10,775.  Parkinson,  G.  M.,  and 

J.  G.  Walker  ....  Heating  Grain. 

„  10,947.  WoRssAM,  H.  J Coppers. 

„  11,259.  HocKiNQ,  H Cooling. 

„  11,326.  DxTCKHAM,  F.  E Conveyors. 

„  11,863.  Chapman,  G.  E Corn-riddle. 

„  12,002.  Ley,  F Elevator. 

,,  12,136.  Haddan,  H.  J.  (from 

P.  Schaar)    Cellarage. 

„  12,143.  Harris,  B.  P.,  and  A. 

Stage    Kiln-floors. 

„  12,414.  West,  T Decorticating  Rice,  &c. 

„  12,540.  Spence,  W.  H.  (from 

L.  J.  Charfentier)   Cleaning  Gh'ain. 

„  12,570.  Craig,  J Decorticating  Wheat. 

12,584.  Pearson,  P.  W Worm-conveyor. 

12,695.  Bone,  W Cleaning  Barley,  &c. 

12,627.  WoRSSAM,  H.  J Conveyors. 

,,  12,940.  EoBERTSON,  M Malt-ploughB. 

12,977.  WoRSSAM,  H.  J Hop-press. 

13,186.  Harris,  B.  P Hop- washing. 

13,749.  Capell,  G.  M Elevator. 

13,800.  Hope,  W.  and  G.  F. 

Deacon Drying  Grain. 

13,806.  PoNTDFEX,  F Perforated  Falise-bottomfl. 

,,  14,011.  Imray,   J.    (from   L. 

CmsiNiER) Saccharifying. 

„  14,211.  McRoRY,  8.  M Dressing  Grain. 

,,  14,694.  HoRSBURGH,  T Preparing  Finings. 

„  14,727.  Inglis,  T Cleaning  Grain. 

,,  15,265.  Jago,  W Contromng  Heat  in  Feimentation. 

„  15,274.  EowLANDsoN,  W Cleaning  Wheat. 

„  15,494.  RowLANDSON,  W Cleaning  Wheat. 

15,852.  Haddan,  H.  J.  (from 

W.  Lawrence)  ....   Drying  Malt. 
15,874.  Hewitt,  T.  W.  G.    . .  Beer-extractor. 

16,047.  Blackledgb,  J Cleaning  Grain. 

16,205.  WooDALL   Elevator. 

16,500.  Clayton,  J Metal-separator. 

16,598.  Edwards,  W.  C Skimming. 

16,605.  Jago,  W Wheat-testing. 

16,868.  Levinstein,  L Aerating  Beer. 


>> 


1886. 

No.       46.  Platt,  p.,  and  J.  M. 

AiTcnisoN Malt-kilns. 

58.  MANBRfc,  A Brewing. 

127.  Brioob,  8 Refrigerator. 

„       211.  Gillman,A.W.,  andS. 

Spencer Gelatinising  Grain. 

,,       52d.  Evans,  P Cleaning  Grain. 
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1885  (continued). 

No.     529.  Bennett,  S „  . .  Preserving  Beer. 

868.  AoAB,  H Vent-peg. 

925.  EoBSONy  J.  J Cleaning  Malt. 

1,032.  Death,  J Gelatinising  Grain. 

1,046.  Eamsden,  W.  T Backs. 

1,124.  Perby,  a.,  and  J.  V. 

Walmeslet Boasting  Grain. 

1,261.  Powell,  B Straining  Beer. 

1,417.  Gatwabd,  J Separator. 

1,656.  Bellino,  G.  F Automatic  Vent-peg. 

2,037.  Pontifex,  F Cask-washer. 

2,072.  Johnson,  J.  H.  (from 

H.  Graefel) Separator. 

2,078.  Beck,  W.  H.  (fromM. 

Mabcus)    Heading. 

2,111.  Davis,  T.  J.  E Tapping  Casks. 

2,132.  Eainfobth,  H.  8.,  W. 

Bainporth,  Mothers  Grain-screens. 
2,137.  Lake,  W.  E.  (from  A. 

Lenormand) Cleaning  Grain. 

2,208.  Lake,  W.  R.  (from  F. 

W.  Wiesebrock)  . .  Using  Grains. 

2,273.  Hammond,  J Vent-peg. 

2,717.  Woodward,  — .  (from 

C.  Ward) Cask-filling. 

2,748.  Death,  J Drying  Gelatinised  Grain. 

2,980.  Sinclair,  R.  C Turning  Malt  on  Kiln. 

3,147.  Dawson,  G.  A Cleaning  Grain. 

3,167.  Hind,  G Elevator. 

3,193.  Behr,  a Malting. 

3,208.  Gent,  J.  F Treating  Rice. 

3,217.  RoLLASON,  R Automatic  Cask-tilt. 

3,577.  Imray,   J.    rfrom    M. 

Hatschek) Pressed  Yeast. 

3,658.  Attwood,  A Bushes. 

3,752.  Death,  J Cask-enamel. 

3,768.  Clayton,  J Raising  Beer. 

3,800.  Lampitt,  C Cleaning  Grain. 

3,815.  Greio,  G Drying  Grain. 

3,877.  Long,  H Skimming. 

3,955.  Jenkinson,  M Corn-screen. 

3,973.  Reynolds,  R Broken-grain-separator. 

4,043.  Keighlby,  E Drying  and  Cleaning  Grain. 

4,068.  Lawrence,  W Treating  Malt. 

4,233.  Tomlinson,  C,  and  J. 

Porter Gbader. 

4,306.  Beaven,  S Separator. 

4,336.  Tenwick,  J Automatic  Bunghole-closer. 

4,349.  CoRRiGAN,  J Tapping  and  Venting. 

4.524.  Death,  J Preparing  Grain. 

4.525.  Death,  J Cask-enamel. 

4.526.  Death,  J Cask-enamel. 

4,703.  McKiNLESS,  J Bimghole-cover. 

4,866.  Shield,  H.,  and  W.  N. 

Crockett Corn-screens. 
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No.  4,956. 
4,967. 
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4,980. 
4,988. 

5,032. 
5,096. 

5,439. 

5,647. 
5,749. 
5,750. 
5,882. 

5,883. 

6,060. 

6,072. 
6,243. 


6,287. 
6,288. 
6,493. 
6,589. 
6,647. 
6,804. 

6,948. 
7,032. 

7,185. 
7,378. 
7,736. 
7,788. 
7,826. 
8,115. 

8,176. 

8,333. 

8,424. 

8,432. 
8,563. 
8,652. 

8,908. 
9,024. 

„    9,207. 
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1885  (continued). 

Lake,    W.  R.    (from 

W.  T.  Jebb) Brewing. 

Lake,   .W.   R.    (from 

"W.  T.  Jebb) Treating  Maize. 

ScoTHERN,  S Cask-tilt. 

Haddan,  H.  J.  (from 

P.  Latjth) Drjring  Malt. 

Britten,  H.  E Malt-kiln. 

HoLOATE,  J.,  andJ.  B. 

HoLGATE Worm-conveyor. 

Abel,  C.  D.  (from  C. 

Meyeb) Stopping  Fret. 

Bareeb,  G Aerating. 

GoxjGH,  J.  T Germinating  Moors. 

GouGH,  J.  T Drying  Malt. 

BoAKE,  A. ,  and  F.  G.  A. 

Egberts Potasiuc  Sulphite. 

BoAKE,  A.,  andF.G.A. 

BoBERTs Brewing. 

Redfern,  G.  F.  (from 

L.  Pinet)  Separator. 

SwoNNELL,  A Finings. 

Mewburx,  J.  C.  (from 

G.  NoBACK  and  W. 

Gintl)     Treating  Brewery-waste. 

EvERARD,  J Automatic  Vent-peg. 

Squire,  W.  S Yeast. 

Milne,  J Drying  Malt. 

Faulder,  H Eoasting  Malt. 

Radford,  W.  H Malt-screen. 

SmcLAiR,  R.  C,  and  J. 

HoDsoN Turning  Malt  on  Kiln. 

BuRCH,  J.,&W.J.Hall  Cask-taps. 
Day,  C.  a.  (from  W. 

A.  Cockrell) Cleaning  Grain. 

Bisnop,A.S.,&F.DowN  Cask-stand. 

Salamon,  a.  G Treating  Brewery- waste. 

Canty,  T.  J Mash-tim  Coils. 

CmsiNiER,  L Preserving  Saccharum. 

HrxDE,  T.  P Gas-boiling. 

Holgate,  J.,  and  J.  B. 

Holgate    Grader. 

Haddan,  n.  J.  (from 

E.  Frttscii) Gleaning  Grain. 

Lake,W.  R.  (fromW. 

A.  Cockrell)    Cleaning  Grain. 

Downing,  G.  (from  F. 

J.  Soiof  er)     Cleaning  Malt. 

Bo  WAT,  R Rice-screen. 

RnoDEN,  S Mash-ttins. 

Redfern,  G.  F.  (from 

C.  Voixtcxek')    ....  Maltings. 

Peters,  J.  J.  W Yeast. 

Alexander,     E.     P. 

(from  A.  Millot)  . .  Cleaning  Grain. 
Ciiallender,  J Aerating. 
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1885  (contintted). 

No.  9,549.  Payne,  E.,  &    E.  L. 

Sheldon    Vent-peg. 

9,559.  Mills,  B.  J.  B.  (from 

A.  J.  Reynolds)  . .  Malt-stirrer. 

9,574.  Enoelbebo,  E.  C Husking  Bice. 

9,683.  Williamson,  W.  H. . .  Separator. 

9,750.  Wilkes,  J Bunghole  Cover. 

9,792.  HuoHEs,  A.  T Vent-peg. 

9,798.  BouLT,    A.   J.    (from 

A.  8.  BiOELOw)     . .  Pressure-regulator. 

„    9,813.  Eno&and,  C Bins. 

9,847.  Justice,  P.  M.  (from 

A.  W.  Billings)  . .  Brewing. 
9,950.  Lake,    H.   H.   (from 

A.  E.  Fewe) Maize  Brewing. 

9,956.  Bonne,  0.  B Malt-testing. 

10,077.  Johnson,   J.   A.,  and 

W.  B.  Johnson     . .  Bins. 

10,142.  COCKCEOFT,    H.,   &    F. 

Spono Vent-peg. 

10,168.  Shabeatt,  F.  a Vent-pe^. 

10,358.  Hedicke,  M Drying  Malt. 

„  10,527.  Waene,  H.  J Befrieerators. 

10,853.  ScHOLES,  E Cleaning  Grain. 

10,949.  PiELDiNO,  E Cooler-yalves. 

11,070.  Morton,  B.  C Conveyor. 
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Papers  upon  Repeal  of  Daty,  read  before  the  Britiah  AaKxaation  in  1881  and 

1882 
Tables  of  Quantities  of  Malt  Made  and  Prices  of  Barley,  1781—1880. 
Malt  Dntj  Paid,  Men  Employed,  and  Quantities  Made,  1858—1882. 
Barley  Sales  and  Prices  Realised,  1879—1882. 
Ayerage  Production  of  Barley  in  Great  Britain. 
Licence  Statistics,  1883. 
Record  Sheets  (Heats). 

A  BOOK  on  Malting  would  be  incomplete  without  reference  to 
the  laws  which,  at  one  time,  and  for  so  long,  fettered  every 
act  connected  with  the  trade.  Seven  generations  of  maltsters 
were  bom,  flonrished,  and  passed  away  under  a  legal  surveil- 
lance that  was  as  bad  in  its  influence  on  improvement  in 
malting  as  Turkish  rule  has  proved  to  the  Fellaheen  of  Egypt. 
A  brief  outline  of  the  history  of  the  Malt  Tax  is  a  necessity. 
It  has  been  already  given  by  me,  pp.  8 — 18.  It  may  remind 
the  hberated  maltsters  of  the  fature  that  they  are  free,  and  that 
their  escape  from  thraldom  involves  the  responsibility  of 
progress.  Happily  the  trade  is  now  absolutely  free,  and  it  is  to 
be  fervently  desired  it  may  ever  remain  so.  No  longer  have 
men  to  work  to  order.  Formerly  they  were  tied  to  enter  all 
com  steeped,  the  hours  of  steeping,  the  shape,  size,  and  position 
of  cisterns,  couch  frame,  floors  and  kilns.  All  these  were  fixed 
by  a  long  succession  of  laws,  that  must  have  weighed  heavily 
upon  the  spirits  of  maltsters,  and  certainly  hung  a  dead  weight 
upon  improvement  in  malting,  making  experiment  at  all  times 
difficult  and  frequently  impossible.  It  seems  already  almost 
incredible  that  so  much  ingenuity  could  be  exercised  in  so 
simple  a  craft  that  101  penalties*  could  be  attached  to  fraudulent 
intent,  and  to  oversight,  innocent  or  otherwise. 


Some  Results  op  the  Removal  of  the  Malt  TaxA 

Landowners,  farmers,  brewers,  maltsters,  and  merchants  are 
directly  interested  in  watching  the  results  of  the  removal  of 
one  of  our  most  venerable  taxes.  It  is  sufficiently  important 
to  claim  at  least  the  passing  attention  of  the  public  generally, 
and  of  this  section  in  particular.     I  need  scarcely  remark  that 

•  See  7  ind  8  Geo.  IV.  cap.  62. 

t  By  H.  Stopm.    Read  at  York  before  the  British  AMOoUtion,  1881. 
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this  question  is  a  very  wide  one^  and  that  I  shall  attempt  to 
look  at  a  few  only  of  its  more  important  points. 

A  hrief  outline  of  the  history  of  the  old  malt  tax  may  place 
it  before  this  section  *  in  a  hght  that  will  enable  some  of  the 
present  and  possible  fature  results  to  be  generally  understood 
and  more  accurately  estimated. 

Malt,  in  common  with  almost  every  other  article  of  general 
utihty,  has  occasioned  an  enormous  amount  of  legislation. 
Prior  to  the  imposition  of  the  tax  it  did  not  occupy  very  much 
attention,  although  some  Acts  regulating  its  manufacture  were 
passed  in  many  reigns,  from  Eichard  II.  to  William  III.  Stow 
mentions  some  restrictions  placed  upon  maltsters  as  early  as 
Edward  11.,  9th  (1315).  Popularly  the  Malt  Tax  is  supposed 
to  have  originated  in  1697.  As,  however,  it  existed  in  a  variety 
of  forms,  but  always  in  the  shape  of  a  tax,  this  is  simply  a 
common  fallacy.  The  tax  appeared  for  the  first  time  in  1644, 
when  money  was  so  much  needed  to  carry  on  the  civil  war 
then  raging.  It  was  enacted  that  a  duty  of  2s.  per  quarter 
should  be  levied  upon  all  malt  made  from  wheat  and  parley, 
and  Is.  4d.  on  that  from  oats.  At  this  time,  also,  private 
brewers  were  made  to  pay  a  tax  of  12i  and  common  brewers 
25  per  cent,  of  the  value  of  the  beer  made  by  them.  This 
shows  that  the  Government  of  two  hundred  and  forty  years 
ago  placed  private  and  common  brewers  upon  a  different 
basis  of  taxation,  and  furnishes  a  very  venerable  precedent  for 
the  system  so  very  recently  adopted  (of  which  I  have  more  to 
say  later  on).  In  1697  a  tax  of  6d.  per  bushel  was  imposed  by 
William  HI.  Until  September  30,  1880,  this  was  collected 
constantly  and  uninterruptedly,  varying  only  in  amount.  For 
upwards  of  sixty  years  it  remained  at  6d.  per  bushel ;  only,  in 
1804  to  1816  it  experienced  the  grievous  charge  of  48.  Sfd.  per 
bushel.  The  attempts  to  introduce  this  tax  into  Scotland  were 
for  a  long  time  unsuccessful.  The  Scottish  Parliament  tried  it 
in  1696  unavaihngly,  and  in  1713  (after  the  Union)  the  Imperial 
Parhament  repeated  the  attempt,  but  such  decided  opposition 
was  offered  by  all  classes,  that  it  seriously  threatened  the 
stability  of  the  union  of  the  two  countries.  Peers  and  members 
of  both  Houses  worked  very  hard  to  prevent  the  Act  passing, 
the  Earl  of  Findlater  even  going  so  far  as  to  move  for  leave  to 
bring  in  a  bill  to  dissolve  the  Union.  Maltsters  everywhere 
positively  refused  to  be  surveyed,  and  if  the  officers  of  Excise 
tried  to  compel  them  by  law,  not  a  single  Justice  of  the  Peace 
could  be  found  in  any  county  who  would  act  against  them  or 
enforce  the  law.  For  years  this  continued,  so  that  in  1725  the 
amount  realised  in  aU  Scotland  by  the  tax  was  under  £12. 
When  the  Government  determined  to  enforce  its  payment 
generally,  very  serious  rioting  took  place.  Two  companies  of 
infantry  sent  to  Glasgow  were  driven  to  Dumbarton  with  much 
loss,  and  great  damage  to  property  took  place. 

It  would  be  a  long  and  tedious  process  to  wade  through, 
however  quickly  and  briefly,  the  innumerable  regulations  and 

*  Eoonomics  and  Statistics. 
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restrictions  of  the  numerous  Acts  of  Parliament  that  appeared 
almost  annually  for  nearly  two  centuries.  Farmers,  maltsters, 
and  brewers  all  complained  of  them.  Efforts  of  every  kind 
were  made  to  abolish  the  tax  altogether,  or  place  it  upon  the 
beer  or  wort  produced,  so  as  to  leave  the  farmers  free.  Few 
individual  things  may  claim  to  have  occupied  so  much  attention, 
or  raised  more  discussion  in  the  past.  Few  things  have  proved 
so  restrictive  in  operation,  or  so  direct  an  incubus  upon  a 
number  of  industries. 

Leaving  the  historical  part,  let  us  now  glance  at  the  opinions 
recently  expressed  by  the  acknowledged  representatives  of  the 
great  body  of  men  who  are,  and  necessarily  must  be,  the  most 
directly  interested  in  the  question,  viz.,  the  farmers  and  land- 
owners. In  1870,  and  again  in  1871,  deputations  from  the 
Central  Chamber  of  Agriculture  waited  on  the  Chancellor  of  the 
Exchequer,  and  urged  upon  him  the  desirabihty  of  repealing  the 
Malt  Tax  for  a  number  of  reasons,  among  which  were  the 
following : — 

I.  Because  it  acts  as  a  fine  upon  high  farming. 

II.  Because  farmers  are  not  able  to  use  malt  for  food  for  live 
stock,  the  Malt-for-Animals'  Act  being  inoperative  by  reason  of 
its  expense. 

III.  Because  the  tax  interferes  with  the  most  remunerative 
rotation  of  crops,  and  hmits  the  growth  of  barlev. 

lY.  Because  it  does  not  pay  to  grow  inferior  kinds  of  barley. 

y.  Because  the  British  farmer  is  unable  to  compete  with 
foreign  fanners,  who  can  use  germinated  grain  without  pay- 
ment of  duty. 

YI.  Because  with  the  Malt  Tax  repealed  the  labouring  classes 
would  be  able  to  brew  their  own  beer. 

I.  Now,  if  the  tax  acted  as  a  fine  upon  high  farming,  then  the 
first  decided  result  of  its  repeal  is  to  remove  a  distinct  prenuum 
which  the  former  method  of  assessment  gave  upon  high-class 
fine  barley.  This  is  easily  explained.  All  barley  made  into 
malt  paid  (until  the  end  of  September  last)  the  same  amount  of 
duty.  If  it  was  of  fine  quality; it  paid  no  more  duty  than  other 
barley  of  an  inferior  kind.  A  brewer,  therefore,  using  msJt 
made  from  a  superior  barley,  paid  only  the  same  duty,  bulk  for 
bulk,  as  another  brewer  using  either  badly  made  malt  or  malt 
made  from  bad  barley.  This,  as  a  consequence,  virtually 
formed  a  premium  upon  all  superior  barleys,  as,  apart  from  the 
other  advantages  to  a  skilled  brewer  of  usmg  such  barley,  there 
was  a  direct  pecuniary  gain  of  sometimes  over  15  per  cent,  of 
the  duty  paid  above  the  average  malt,  the  average  extract 
estimated  by  the  Commissioners  of  Excise  being  taken  at  82  lbs. 
(by  Long's  saccharometer).  TVhen  rightly  used,  superfine 
malts  yield  95  lbs.  or  more  extract,  or  13  lbs.  over  the  average. 
This  additional  yield  more  than  compensated  for  the  extra  first 
cost  of  such  barley  as  was  needed  to  make  the  malt,  conse- 
quently the  gain  of  15*8  per  cent,  upon  the  duty  paid  as  a  direct 
pecuniary  encouragement  to  all  brewers  who  nad  sufficiently 
keen  perception  to  detect  the  difference,  and  they  willingly  paid 
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for  better  barley  4s.  and  upwards  per  quarter  more  than  they 
were  actually  worth,  apart  from  the  duty.  This  perfectly  just 
and  healthfcd  stimulus  to  farmers  and  brewers  is  now  swept 
away,  and  a  portion  of  the  loss  falls  upon  the  farmers  and 
owners  of  the  land,  who  invariably  shared  the  benefit  with  the 
brewers,  but  more  especially  in  years  of  short  and  defective 
Bupphes.  By  the  present  beer  tax,  also,  an  increased  charge  is 
made  upon  all  well-made  malt  from  fijie  barley,  as  the  extra 
value  of  the  material  gives  a  greater  product,  and  the  product 
is  charged  instead  of  the  material,  i.e.,  a  quarter  of  fine  malt, 
yielding  9&  lbs.  extract,  makes  four  and  a  half  barrels  of  beer, 
and  pays  28s.  duty,  whilst  ordinary  malt  makes  four  barrels  and 
pays  25s.  duty  approximately. 

II.  '*  Because  farmers  are  not  able  to  use  malt  for  food  for 
live  stock."  This  objection  raises  the  question  as  to  the  real 
benefit  of  malt  and  germinating  grain  to  the  farmer.  At  present 
we  do  not  find  much  malt  being  used  for  feeding  purposes. 
Both  elaborate  experiment  and  direct  experience  have  taught 
that  malt  is  of  little  greater  value  as  food  than  barley,  exceptmg 
in  small  quantities  as  a  condiment,  or  for  occasional  use.  To 
support  this  statement  I  refer  those  interested  in  the  inquiry  to 
the  Parliamentary  Beport  of  1866  upon  the  experiments  of 
Messrs.  J.  B.  Lawes  and  H.  Morris,  and  also  to  the  fact  that 
when  liberty  was  given  to  make  malt  for  feeding  purposes  mixed 
with  a  certain  proportion  of  linseed  meal  (so  as  to  render  it 
unfit  for  brewing  purposes)  the  first  year  twenty-eight  maltsters 
made  nearly  8,750  ^rs.  of  such  malt,  and  within  five  years  not 
one  maltster  remamed  manufactoring  it,  nor  since  1870  has 
one  quarter  of  such  malt  been  made. 

III.  **  The  tax  interferes  with  the  most  remunerative  rotation 
of  the  crops,  and  hinits  the  growth  of  barley."  Instead  of  this 
being  the  case,  farmers  have  found  that  barley  has  paid  better 
than  wheat,  and  throughout  almost  the  whole  of  Great  Britain, 
but  especially  in  some  favourable  districts,  the  breadth  of  barley 
has  very  considerably  increased  of  late  years.  Farmers  may, 
eventually,  not  simply  arrive  at  the  conclusion  that  every  100 

2rB.  of  maize  and  rice  made  into  beer  means  so  many  qrs.  of 
larley  unused,  but  the  truth  may  dawn  upon  them  that  100 
qrs.  of  maize  and  rice  equals  in  product  120  qrs.  barley,  or  more. 
rV.  "Because  it  does  not  pay  to  grow  inferior  kinds  of 
barley."  If  that  were  the  case  in  the  past  farmers  already  find 
from  a  single  season's  experience  that  the  present  beer  tax 
makes  inferior  barleys  of  less  value  than  before,  for  the  double 
reason,  that  it  will  now  pay  to  malt  many  kinds  of  foreign 
barley  that  were  before  unfairly  hampered  by  the  duty,  and  that 
whereas  a  brewer  has  hitherto  been  compelled  to  use  either 
malt  or  sugar,  he  is  now  at  liberty  to  use  any  material  he 
chooses,  and  as  sugar  is  dearer  to  a  brewer  than  ^ain,  large 
quantities  of  maize,  rice,  &c.,  are  used  that  necessarily  displace 
British  barley.  Hence,  demand  is  diminished,  price  must 
decline  also,  or  supply  must  fall  off. 
Y.  "  Because  the  British  farmer  is  unable  to  compete  with 
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foreign  fanners,  who  can  use  germinated  grain  without  pay- 
ment of  duty/'  An  Act  was  passed  (33  &  34  Vic.  c.  32,  66) 
which  gave  farmers  liberty  to  steep  and  grow  grain  with  very 
little  interference  irom  the  Excise ;  but  such  saccharised  grain 
is  so  httle  used  that  in  many  counties  it  is  still  absolutely 
unknown,  and  throughout  the  country  the  way  in  which 
farmers  neglect  to  give  malt  to  their  cattle  offers  rather  con- 
clusive evidence  as  to  the  real  purpose  for  which  they  wished 
cheaper  malt. 

VI.  "  Because  with  the  Malt  Tax  repealed  the  labouring 
classes  would  be  able  to  brew  their  own  beer."  This  last 
objection  should  be  first  emd  greatest.  This  concession  alone 
contains  the  only  pecuniary  benefit  to  the  farming  and  labour- 
ing classes.  Now  farmers  are  able  to  give  their  men  malt  in 
the  place  of  wages,  or  else  much  more  beer  at  less  cost  than 
hitherto.  Many  now  give  less  money  for  beer,  or  only  the 
same  quantity  of  malt  and  hops  as  before.  Then  three  bushels 
malt  and  three  pounds  hops  cost  31s.  6d.,  now  they  cost  ISs. 
Labourers  and  poor  people  generally  are  apparently  able  to 
brew  beer  for  themselves  at  much  less  cost  than  they  could  in 
the  past  by  honest  means,  or  than  at  present  they  are  able  to 
buy  it  of  common  brewers ;  for  before  it  can  be  sold  it  must 
pay  to  the  Chancellor  of  the  Exchequer  the  sum  of  6s.  3d.  for 
every  barrel  of  standard  gravity — a  specific  gravity  of  1057. 

As  a  fact,  this  apparent  boon  to  the  labouring  classes  really 
amounts  to  a  national  waste.  Farmers  and  lsu)ourers  do  not 
know  how  to  brew.  Even  if  they  had  the  knowledge,  they 
have  not  the  necessary  plant — hence  much  material  is  wasted 
at  the  outset ;  it  is  simply  impossible  for  them  to  secure  a 
good  extract.  During  the  after  processes  of  fermentation  and 
storing,  much  is  spoiled  and  rendered  unfit  for  drinking ;  con- 
sequently, an  ordinary  brewer  of  average  knowledge  and  intel- 
ligence, provided  with  a  properly  arranged  plant  and  appliances, 
can  produce  from  100  quarters  of  malt,  not  only  more  beer  of 
uniform  quality  and  goodness,  but  can  sell  it  at  a  profit  after 
paying  from  25s.  to  27s.  per  quarter  duty. 

As  to  the  wisdom  and  justice  of  allowing  the  poorest  section 
of  the  community  the  liberty  of  obtaining  intoxicating  and 
wretchedly-made  beverages  at  four-fifths  the  cost  price  to  other 

f>eople,  I  have  nothing  to  say,  but  if  it  is  right  to  let  farm 
abourers  in  England  make  their  own  beer  duty  free,  entirely 
as  they  please,  it  would  be  only  common  justice  to  allow  other 
farm  labourers  in  Scotland  and  Ireland,  who  do  not  drink  beer, 
to  distil  whiskey  from  their  malt  if  they  prefer  it.  Seeing  that 
malt  is  now  only  of  the  same  value  as  barley — bulk  for  bulk — 
and  can  be  made  by  any  one  without  question,  the  temptation 
to  practise  illicit  distiUation  is  greater  than  formerly.  The 
great  mass  of  -the  people  are  made  to  pay  more  for  their  beer 
to  enable  a  small  and  already  too  "  beery  "  section  to  get  theirs 
at  less  than  market  price. 

Setting  aside  all  these  objections,  farmers  will  find  the 
repeal  of  the  ^lalt  Tax  act  more  against  their  interests,  because 
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barley  is  no  longer  subject  to  a  monopoly.  The  former  mode 
of  collecting  the  tax  practically  shut  out  foreign  barleys  from 
the  mash-tuns  of  the  vast  majority  of  brewers.  Few  but  the 
largest  brewers  cared  for  the  expensive  best  barleys  of  Germany 
and  France.  Only  a  very  few  were  sufficiently  acquainted  with 
the  value  of  the  thin  Chilian,  Algerian,  or  Egyptian  barleys. 
All  were  compelled  by  law  to  use  malt  or  sugar,  as  the  natural 
laws  of  fermentation,  or,  in  other  words,  sustenance  of  the  yeast 
cells,  made  it  impossible  to  most  brewers  to  use  more  than  a 
certain  percentage  of  sugar,  usually  a  small  one,  and  the  rest 
malt.  Now  all  this  is  changed — the  monopoly  has  cesised  to 
exist.  A  brewer  can  brew  in  a  way  better  in  every  sense,  by 
using  a  proportion  of  other  grain  than  malted  barley.  Hence, 
if  a  large  proportion  of  the  barley  of  this  present  harvest  were 
destroyed,  we  should  not  see  prices  nearly  so  high  as  two  years 
ago  they  would  have  been  if  one-tenth  only  of  the  mischief  had 
been  done.  Now,  too,  it  is  very  probable  that  large  quantities 
of  malt  made  abroad  will  be  imported  into  this  country.  The 
result  of  all  these  causes  combined  must  effect  a  heavy  loss  to 
British  land-owners  and  farmers. 

Maltsters,  as  a  body,  will  in  some  ways  lose  as  much  as  farmers. 
Formerly  a  maltster  derived  a  good  portion  of  his  profit  from 
skilful  manipulation  of  the  duty.  This  is  now  entirely  lost  to 
him.  The  competition  of  raw  grain  may  prove  more  fatal  to 
his  interest  than  to  the  classes  already  mentioned.  The  loss, 
however,  will  fall  only  upon  the  men  of  one  idea,  who  persist  in 
working  as  their  fathers  did  before  them  for  many  generations. 
If  the  change  is  bad  for  maltsters  it  is  exceedingly  good  for 
malting.  They  need  not  complain.  Now  there  is  an  oppor- 
tunity given  for  improvement,  and  the  rude,  primitive,  and  un- 
scientific modes  of  working  in  many  even  of  the  largest  and 
most  costly  of  the  maltings  now  at  work,  will  have  to  make 
way  for  the  enlightened  teachings  of  science.  Those  maltsters 
who  have  enough  intelligence  to  make  their  trade  a  scientific 
pursuit  will  add  to  the  wealth  of  the  nation  and  enrich  them- 
selves. Malt  will,  and  must,  be  vastly  improved  in  manufacture 
and  value.  The  malting  process  will  get  to  be  recognised  as 
the  most  important  of  the  first  steps  in  the  production  of 
sound,  pure  beers.  Illiterate  and  ill-trained  maltsters  are  being 
swept  away. 

To  brewers  the  change  is  of  less  importance  than  it  would 
appear  at  first  sight.  The  actual  charge  upon  each  quarter  of 
malt  now  used  by  the  very  great  majority  of  brewers  exceeds 
the  former  duty.  Then  a  quarter  paid  22s.  8d.,  inclusive  of 
brewer's  license.  Now  each  quarter  is  assumed  to  yield  82  lbs. 
gravity,  and  has  to  pay  25s.,  less  6  per  cent. ;  but  as  in  most 
breweries  (and  all  good  ones)  the  yield  of  the  malt  is  more  than 
6  per  cent,  greater  than  82  lbs.,  it  is  fairly  within  bounds  to 
assume  that  each  quarter  of  malt  now  yields  to  the  revenue  25s., 
an  increased  charge  of  2s.  4d.  This  money  is  of  course  paid  by 
the  general  public.  The  increase  does  not  add  the  large  amount 
to  the  national  revenue  that  it  should  do,  as  every  quarter  used 
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by  private  brewers  paying  the  6s.  licence  only,  in  excess  of 
the  first  quarter  used,  pays  no  duty. 

A  large  amount  of  beer  now  brewed  entirely  escapes  taxation. 
The  power  to  use  other  materials  than  malt  is  a  boon  to 
brewers  and  a  national  gain,  notwithstanding  that  farmers  and 
maltsters  lose.  The  public  get  better  beer,  brewers  make 
larger  profits ;  rice  merchants  and  maize  millers  are  likely  to 
have  a  good  time. 

Farmers  pleaded  and  demanded  for  upwards  of  a  century  for 
what  they  esteemed  a  boon,  but  which  the  irony  of  fate  has 
reserved  to  the  time  when  it  virtually  means  the  destruction  of 
the  last  stronghold  of  Protection  which  Free  Trade  left  them. 
They  now  come  into  direct  competition  vnth  the  foreign  pro- 
ducer in  a  field  which  the  old  law  helped  to  hedge  round  for 
their  special  benefit.  Past  experiences  of  similar  contests  leave 
very  little  room  for  speculation  as  to  the  result. 

Thb  Influences  of  the  Beer  Duty.* 

Directly  and  indirectly,  the  influences  that  follow,  or  have 
been  started,  by  the  transition  of  the  old  Malt  Tax  into  a  duty 
upon  beer  are  very  numerous.  It  would  be  a  work  of  great 
difficulty  to  follow  these  influences  to  their  more  remote  rami- 
fications, but  with  the  experience  that  two  years'  working  of 
the  change  has  conferred,  we  can  form  definite  opinions,  and 
cite  known  facts,  that  will  materially  aid  us  in  the  discussion 
of  so  important  a  question.  In  a  paper  upon  the  subject,  read 
at  York  last  year,  I  showed  that  the  cla.sses  that  must  experience 
the  greatest  loss  by  the  change  would  be  the  farmers,  land- 
owners, and  maltsters.  I  knew  that  brewing  as  an  industry 
would  gain  some  advantages  that  experience  alone  could  satis- 
factorily determine,  to  counterbalance  the  positive  and  assessable 
loss.  It  was  known  and  discussed  that  small  common  brewers 
would  be  pinched.  Few,  however,  were  prepared  for  the  almost 
total  extinction  of  their  class  that  now  threatens  speedily  to 
ensue  if  the  present  rate  of  this  falling  off  is  maintained.  Large 
brewers  do  not  gain  trade  to  an  extent  proportionate  to  the 
rapid  suppression  of  so  many  small  businesses.  The  labouring 
classes  gam  the  questionable  benefit  of  making  bad  beer  20  per 
cent,  cheaper  than  they  can  buy  good. 

Actual  experience  now  shows  that  the  direct  gainers  by  the 
change  are  at  present : — 

1.  The  National  Bevenue  (Excise  branch). 

2.  The  lowest  section  of  the  labouring  classes,  living  in 
houses  of  a  value  of  less  than  £10  or  j£14  per  annum. 

3.  The  section  of  the  community  that  makes  gain  of  the  other 
materials  than  malt  and  sugar  now  used  in  brewing. 

The  direct  losers  are : — 1.  Farmers ;  2.  Brewers,  more  par- 
ticularly small  ones;   3.  Maltsters.     The  indirect  losers  are 

*  Paper  read  by  H.  Stopbs  at  Britiah  Aasooiataon  Meeting,  Beetioii  F,  South- 
ampton,  Angnat  26,  1882. 
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landowners,  and  the  nnmerouB  sections  of  the  community  who 
more  or  less  directly  depend  upon  these  losers. 

Experience  is  not  yet  sufficiently  long  to  show  if  larger 
brewers,  as  a  class,  are  gainers.  Some  gain  slightly,  but  very 
many  lose.  It  is  also  unnecessary  at  present  to  trace  out  the 
indirect  gainers  and  losers. 

The  points  I  wish  to  establish  are : — 

I.  The  present  duty  exceeds  the  old  tax. 

n.  The  loss  occasioned  presses  heavily  upon  a  body  of  men 
ill  able  to  bear  it;  to  wit,  the  farmers,  small  brewers,  and 
maltsters. 

UI.  The  moral  and  social  disadvantages  of  the  6s.  and  9s. 
licences,  and  the  desirability  of  their  suppression. 

IV.  The  advantages  of  the  free  mash-tun. 

I.  That  the  present  beer  duty  exceeds  the  old  Malt  Tax  was 
freely  admitted  by  Mr.  Gladstone  in  his  budget  statement  this 
year,  and  is  clearly  and  incontestably  shown  by  the  parUa- 
mentary  returns  moved  for  by  Mr.  Watney,  in  which  are  set 
forth  the  numbers  of  brewers,  licensed  victuallers,  &c.,  in  the 
United  Kingdom,  together  with  the  quantities  of  malt,  corn, 
&c.,  used,  and  the  amount  paid  as  duty  during  the  year  ending 
September  30, 1881. 

This  was  the  first  entire  year  of  the  working  of  the  beer 
duty,  which  came  into  force  October  1,  1880.  The  lowest  duty 
paid  by  any  class  during  the  year  was  23s.  6fd.  per  quarter  by 
the  1,677  brewers,  brewing  between  1,000  and  10,000  barrels 
per  annum.  A  number  of  these  men  brew  badly,  and  secure  a 
ruinously  small  extract  from  the  material  used.  Others  of  this 
class,  on  the  other  hand,  secure  larger  extracts  and  pay  higher 
rates  of  duty  than  even  the  very  largest  brewers.  But,  bad  as 
the  whole  average  is,  it  nevertheless  secured  to  the  Excise  the 
payment  of  upwards  of  lOd.  per  quarter — more  than  would 
have  been  paid  had  these  same  men  used  the  same  quantities 
of  material,  paying  duty  upon  the  old  plan.  Originally  the 
duty  stood  at  22s.  8d.  per  quarter,  and  to  this  was  added  Is. 
per  quarter  brewer's  licence,  making  the  total  payment  upon 
material  used  22s.  8d.  per  quarter  of  malt  or  its  equivalent  of 
sugars.  The  total  quantity  of  material  used  by  these  1,677 
brewers  amounted  to  over  one  and  a  half  million  quarters,  or 
an  average  of  920  quarters  each,  and  their  extract  was  under 
83,  or  slightly  in  excess  of  the  assumed  possible  extract. 

It  is  extremely  remarkable  that  men  doing  a  business  so 
considerable  should  have  their  extract  fall  below  that  of  the 
14,948  smaller  brewers,  who  each  average  only  forty-four 
quarters  malt  used  per  annum.  The  fact  is  so  significant 
that  it  compels  an  inference  to  be  drawn,  which  I  may 
be  pardoned  for  not  expressing  publicly.  The  quantity  of 
materials  used  by  these  smaller  brewers  falls  short  by  23,597 
quarters  of  that  brewed  by  the  three  largest  brewers.  It  is 
fair  to  assume  that  the  really  large  amount  of  material  of 
667,440  quarters  is  used  by  this  class  in  the  least  scientific 
manner,  and  with  the  worst  appliances.   Still,  the  fact  remains 
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that  last  year  they  paid,  upon  the  wort  produced,  and  not  upon 
materials  entered,  23s.  9^.  per  quarter,  or  Is.  Id.  more  than 
would  have  been  paid  as  a  malt  tax.  The  succeeding  482 
brewers  used  4,160,776  quarters  materials,  and  paid  an  average 
of  24s.  4d.  per  quarter,  which  makes  Is.  8d.  per  quarter  more 
than  the  old  charge,  and  the  three  largest  brewers  of  all  using 
691,038  quarters  materials,  or  an  average  of  over  230,000  quar- 
ters, each  paid  25s.  3d.  per  quarter,  which  exceeds  the  former 
payment  by  2s.  7d.  per  quarter.  The  largest  brewer  but  one 
exceeded  the  former  charges  by  3s.  2id.  per  quarter. 

These  calculations  are  not  so  accurate  as  a  question  of  such 
importance  merits,  because  of  the  insufficient  details  famished 
by  the  returns.  It  is  impossible  even  to  conjecture  the  quan- 
tities of  material  other  than  malt  or  sugar  entered.  Many 
thousands  of  quarters  of  raw  and  prepared  grain,  and  syrups 
or  wort  extracted  in  a  variety  of  ways  firom  maize,  rice,  and 
many  other  forms  of  grain,  have  been  used,  not  only  experi- 
mentally, but  on  a  considerable  scale,  and  owing  to  the  amount 
of  extract  so  obtained  being  not  identical  with  the  yields  of  malt 
or  ordinary  sugar,  they  affect  this  question  to  a  considerable 
degree;  but  the  broad  general  fact  is  unaffected  that  all 
materials  used  by  brewers  for  sale  paid  an  excess  of  duty  over 
former  years  of  2s.  per  quarter. 

Mr.  Gladstone  freely  admitted  this  in  his  budget  statements. 
In  the  Times*  report  of  his  speech  he  says  : — 

"  It  is  still  stated  with  confidence  by  the  other  side — namely, 
"  by  the  brewers  of  the  country,  who  represent  and  speak  for 
*'  the  entire  trade — ^that  we  have  pitched  the  beer  duty  too 
**  high,  and  that  we  have  received  fully  2s.  a  quarter  more  in  the 
"  shape  of  beer  duty  upon  the  quarter  of  barley  used  in  brewing 
"  than  we  received  formerly  from  the  malt  duty.  Happily  it 
is  always  a  very  great  advantage  when  there  is  no  serious 
dispute  upon  the  fact.  Upon  the  whole,  we  do  not  deny  that 
statement.  We  plead  guilty  to  the  sofb  impeachment  thus 
'*  far — that  to  an  amount  at  any  rate  closely  approaching  to  28. 
we  received  it ;  but  we  contend  that  we  are  entitled  to  that 
profit,  and  upon  that  subject  there  is  a  friendly  argument 
'*  carried  on  in  the  best  possible  humour  between  tne  members 
**  of  the  trade  and  ourselves." 

It  is  a  little  singular  that  the  Chancellor  of  the  Exchequer, 
although  freely  admitting  that  the  beer  duty  causes  an  addi- 
tional charge  to  common  brewers  of  about  28.  per  quarter, 
nevertheless  shows  that  for  the  first  entire  year  of  its  collec- 
tion the  Excise  Bevenue  suffers  an  apparent  loss  of  j£92,000. 
He  states  {Times) : — 

"  We  estimated,  as  I  have  said,  the  total  produce  of  the  beer 
"  duty  for  the  year  at  JB8,800,000.  That  estimate  was  taken 
''  rather  high  in  partial  deference  to  the  estimates  of  gentlemen 
connected  with  the  trade.  They  felt  so  great  a  confidence 
in  the  view  they  presented  as  to  the  mode  in  which  we  had 
framed  the  law  for  the  benefit  of  the  Exchequer,  and  their 

•  April  26,  1880. 
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''  knowledge  and  experience  were  so  considerable,  that  a  small 
'*  addition  was  made  to  the  estimate  merely  out  of  deference  to 
"  them.  The  estimate  had  been  taken  at  i*8,800,000,  the  actual 
"  yield  has  been  £8,580,000— that  is.  £220,000  short  of  the 
'*  estimate.  The  estimate  of  the  Eevenue  Department  would 
**  have  been  very  close  indeed,  but  for  the  circumstance  which 
**  I  have  mentioned.  The  committee  will  be  anxious  to  com- 
"  pare  the  proceeds  of  the  beer  duty  with  those  of  the  old  malt 
**  duty.  If  we  compare  the  beer  duty  of  the  year  just  expired 
"  with  the  malt  duty  we  should  compare  it  with  the  last  com- 
"  plete  year  of  the  malt  duty,  the  year  1879-80,  when  the  pro- 
"  duct  of  brewing  in  all  its  forms,  malt,  sugar,  and  licences, 
"  yielded  £7,737,000,  so  that  we  appear  to  have  gained  £843,000. 
**  That  is  entirely  fallacious,  for  during  that  period  the  harvests 
''  were  bad  and  the  depression  of  trade  was  so  great  that  there  is 
'*  no  fair  standard  of  comparison.  I  have  taken,  therefore,  for 
**  the  purpose  of  comparison  the  six  preceding  years  of  the 
"  malt  duty,  and  I  find  that  the  average  revenue  from  the  malt 
"  duty,  together  with  the  sugar  used  in  brewing  and  the 
"  licences,  for  the  average  of  the  six  preceding  years  from  1873 
"  to  1879,  was  £8,672,000 ;  that  is,  that  the  malt  duty  upon  an 
"  average  of  years  produced  £92,000  a  year  more  than 
"  we  have  got  out  of  the  beer  duty  on  the  first  full 
'*  year  of  the  beer  duty.  Effectively  there  is  in  point  of 
"  fact  for  the  time  a  small  diminution.  Obviously,  as  I 
**  have  admitted,  we  get  nearly  2s.  a  quarter  in  the  beer  duty 
**  as  compared  with  the  old  malt  duty,  and,  as  I  have  also 
'*  shown  that,  notwithstanding  the  increase  of  population,  our 
"  receipt  from  beer  duty  is  less  by  £90,000  than  the  average 
"  receipt  from  the  old  malt  duty  in  the  years  between  1873  and 
*'  1879,  I  represent  a  state  of  facts  in  which  there  is  some 
''  collapse  somewhere.  Is  that  collapse  due  to  any  alteration 
**  in  the  habits  and  practices  of  the  people?  The  Board  of 
"  Inland  Eevenue  officers,  whom  I  consider  to  be  good  autho- 
**  rities  on  the  subject,  do  not  exclude  that  supposition,  but 
"  they  do  not  look  to  it  as  the  main  cause.  They  say  that 
*'  although  employment  in  the  country  is  general,  yet  wages 
"  have  not  yet  reached  the  full  average  level,  and  undoubtedly 
**  have  not  reached  anything  like  the  level  which  they  reached 
•'  in  the  years  of  prosperity  between  1873  and  1879.  They  also 
"  observe,  and  I  have  no  doubt  there  is  something  in  this,  that 
"  last  year  in  the  cider  counties  there  was  a  very  great  abund- 
"  ance  of  fruit,  and  a  very  large  consumption  of  cider.  Then 
"  comes  another  fact — the  great  increase  of  coffee-houses  and 
"  clubs,  which  lead  to  the  supposition  of  more  temperate 
"  habits,  and  which  are  a  proof  of  this  deficiency  in  the 
"  revenue." 

Admitting  the  force  of  aU  these  observations  (although  prac- 
tically it  is  hard  to  accept  some  of  them),  the  influence  of  the 
small  householder's  licences  ought  not  to  be  ignored.  Last 
year  over  120,000  of  these  licences  were  taken  out,  chiefly  in 
agricultural  districts,  producing  £46,000  to  the  revenue,  and 
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giving  an  average  of  under  2^  bushels  as  the  quantity  of  material 
used  by  each  licensee.  The  actual  quantity  used  by  each  of 
these  small  licence  holders  is  estimated  to  exceed  two  quarters. 
Had  this  malt  paid  the  same  duty  as  if  used  by  common 
brewers,  it  would  have  produced  upwards  of  £300,000  to  the 
revenue,  and  turned  the  apparent  loss  of  £92,000  to  an  actual 
gain  of  over  £200,000.  That  this  estimate  is  too  low  is  confirmed 
by  the  fact  that  7,000,000  quarters  malt  at  Is.  per  quarter= 
£350,000,  assuming  that  the  additional  charges  for  collection, 
and  other  considerations,  which  we  need  not  dwell  upon  here, 
reduce  the  net  gain  to  the  revenue  from  the  beer  duty  to  Is. 
per  quarter. 

No  more  time  need  now  be  taken  to  prove  the  generally 
recognized  increase  of  duty  paid.  That  this  loss  is  not  larger 
than  it  is  known  to  be  is  the  brewers*  own  fault  entirely. 

II.  The  loss  occasioned  by  the  change  of  duty  presses  heavily 
upon  farmers  and  small  brewers,  many  of  whom  are  unable  to 
bear  it. 

Farmers  do  not  require  elaborate  and  far-fetched  argument 
to  prove  that  the  repeal  of  the  Malt  Tax  is  a  loss  to  them. 
They  have  had  two  years'  practical  demonstration  in  the  market 
value  of  barley,  and  are  more  than  likely  to  get  a  third,  for  it  is 
very  diflScult  to  conceive  any  combination  of  circumstances, 
apart  from  legal  enactments,  that  can  give  barley  so  high  a 
value  as  it  previously  had.  Bad  seasons  formerly  had  the  com- 
pensation of  higher  prices  for  the  produce,  and  it  was  some 
satisfaction  to  those  men  who  were  favoured  in  their  crops, 
especially  those  who  secured  some  barley  of  fine  quality.  The 
competition  amongst  brewers,  and  the  peculiar  facts  which  I 
somewhat  fully  defined  at  York,  made  prices  rise  to  a  point 
which  would  now  be  unattainable.  Directly  barley  reaches  a 
certain  price,  the  advantage  in  actual  cost  of  other  grains  makes 
it  desirable  to  brewers  to  commence  their  use.  Consequently, 
if  half  this  year's  barley  rots  in  the  field  and  is  never  garnered, 
brewers  could  be  comparatively  indifferent,  for  other  countries 
and  climes  can  yield  not  only  barley,  but  maize,  rice,  and  other 
things  that  can  now  be  economically  and  satisfactorily  used  in 
its  place.  Besides,  the  change  in  the  law  has  maide  many 
classes  of  foreign  and  English  barley  capable  of  economical  use, 
malted  or  even  unmalted,  that  were  formerly  excluded. 

When  a  monopoly  is  removed,  when  pohtical  laws  are  altered, 
or  the  more  rigid  physical  laws  are  permitted  to  have  firee  course, 
so  that  in  a  great  national  industry  the  choice  of  varied  and 
cheaper  material  is  suddenly  made  free,  the  value  of  any  given 
natural  product  previously  used  exclusively  must  necessarily  be 
depreciated.  Barley,  in  brewing,  is  an  illustration  of  this  truth. 
Should  an  V  change  in  the  laws  be  effected  to  remedy  the  result, 
it  will  be  nitile  and  ineffective  unless  the  tax  is  placed  upon  its 
old  basis.  Protection  tariffiB  placed  upon  rice,  maize,  &c.,  may 
exercise  a  little  influence,  but  not  much. 

Hence  every  grower  of  barley  in  Great  Britain  suffers  the 
loss  of  the  difference  in  price  his  crops  actually  yield  compared 
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to  what  they  would  have  done  had  the  Malt  Tax  continued. 
This  loss  is  fairly  the  tax  farmers  have  brought  upon  them- 
selves in  demanding  the  repeal  of  the  Malt  Tax.  As  unfortu- 
nately it  is  coincident  with,  let  us  hope,  the  termination  of  a 
long  period  of  agricultural  depression,  it  is  a  loss  hard  to  bear, 
and  to  many  small  farmers  it  has  turned  the  scale  against  them, 
and  they  have  broken  under  it. 

To  small  brewers  the  loss  occasioned  by  the  change  is  even 
more  disastrous.  Owing  to  the  general  and  long-continued 
depression  of  trade  and  the  lower  average  wage  of  the  beer- 
dnnking  classes,  the  whole  brewing  industry  has  been  in  a 
drooping  and  depressed  state.  A  few  of  the  larger  businesses 
have  grown,  but  the  general  tendency  has  been  to  decrease.  If 
we  take  the  last  year,  and  compare  it  with  1880,  we  find  that 
the  greatest  brewer  apparently  stands  still  at  over  1,000,000 
barrels.  The  second  has  decreased,  having  paid  duty  on  under 
950,000  barrels  last  year,  and  over  it  in  1880 ;  but  I  believe  I 
am  correct  in  stating  what  I  have  heard  in  many  places  and 
on  high  authority,  that  our  great  English  brewery,  which 
brewed  over  a  million  barrels  last  year,  has  taken  second 
place,  and  an  Irish  brewery  now  heads  the  list.  As  some  sig- 
nificant facts  arising  from  this  phenomenon  do  not  concern  us 
here,  I  pass  them  by.  The  third  on  the  list  has  risen  during 
the  year  from  under  800,000  barrels  to  over  it ;  but  the. fourth 
has  fallen  from  over  550,000  barrels  to  under  500,000  barrels. 
Instead  of  sixty-one  brewing  between  100,000  and  500,000,  we 
have  only  fifty-six;  also  2,205  brewing  between  1,000  and 
100,000,  we  have  only  2,10a— a  loss  of  102.  Instead  of  16,770, 
exclusive  of  beginners,  under  1,000  barrels,  we  have,  only 
14,948— a  loss  of  1,822. 

To  arrive  at  the  number  of  small  brewers  who  have  given 
up  the  struggle  during  the  year,  it  is  necessary  to  know  how 
many  have  had  their  trades  increase  sufficiently  to  carry  them 
from  class  1  to  2,  and  also  how  many  have  fallen  from  classes  2 
and  upwards  down  to  class  1.  As  the  trade  is  manifestly 
experiencing  a  sharp  depression,  it  is  perfectly  fair  to  assume 
that  the  latter  far  exceed  the  former. 

In  1880,  2,183  beginners  are  added  to  the  list,  but  the 
numbers  of  beginners  in  1881  are  not  given ;  these,  however, 
do  not  affect  the  question,  as  a  beginner  in  1880  must  either 
have  ceased  business,  or  be  included  in  class  1.  The  numbers 
of  those  who  gave  up  in  a  few  months  are  insufficient  to  affect 
the  totals  greatly,  and  certainly  not  to  affect  the  deductions 
made.  Hence  we  find  that  on  September  30,  1880,  there 
were — 
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So  that  in  this  one  year  alone  the  loss  of  brewers  (and  begin- 
ners) has  reached  the  startling  total  of  4,113. 

These  figures  famish  the  proof  that  small  brewers  are 
rapidly  disappearing — so  rapidly,  indeed,  that  in  a  few  years 
they  will  entirely  cease  to  exist  if  the  present  rate  continues. 
The  causes  that  produce  this  result  have  been  multiplied  and 
intensified  by  the  change  in  the  law.  The  natural  laws 
ruling  supply  and  demand,  and  the  caprice  of  the  popular  taste, 
would  doubtless  have  produced  the  same  residt,  only  it  would 
have  been  much  more  slowly  attained.  The  operations  of  the 
new  Act  have  been : — 

1st.  To  add  directly  to  the  burdens  of  small  brewers ;  and, 

2nd.  To  deprive  them  of  a  large  number  of  the  most  lucrative 
and  best  of  their  customers. 

Small  brewers,  as  a  body,  almost  without  exception,  have 
not  sufficient  scientific  or  technical  training  to  use  other 
materials  than  malt  rightly ;  nor  the  appliances  to  use  malt 
alone  profitably.  They  therefore  have  to  bear  the  whole  of  the 
losses  entailed  by  the  new  Act,  and  cannot  secure  to  themselves 
any  of  the  advantages.  What  these  losses  are  can  be  more 
fully  appreciated  by  a  comparison  of  the  three  largest  brewers 
with  the  14,948  smallest.  These  three  brewers  used  materials 
representing  691,038  qrs.  in  1880-1,  paying  duty  amounting  to 
£871,066  8s.  9d.  The  14,948  used  materials  representing 
667,441  qrs.,  paying  duty  amounting  to  £792,718  158.  2Jd.,  a 
difference  of  £78,347  13s.  6id.  Had  the  small  brewers  used 
23,597  qrs.  more  material,  making  the  quantity  equal,  the 
difference  in  duty  paid  by  the  two  classes  would  have  been 
£50,277  Is.  9d.  So  that  were  all  the  small  breweries  swept 
away,  and  the  work  done  by  the  largest,  the  revenue  would 
gain  over  £50,000  a  year  direct  duty,  apart  from  the  great 
difference  in  cost  of  collection  of  the  duty  from  three  giant 
establishments  instead  of  nearly  15,000  tiny  places,  scattered 
here,  there,  and  everywhere. 

What  is  of  more  importance  and  value  is  the  fact  that  the 
superior  scientific  treatment  of  this  great  amount  of  valuable 
and  costly  material  would  have  resulted  in  a  gain  of  extract  of 
5  lbs.  per  quarter,  which,  under  the  circumstances,  is  estimated 
beneath  its  true  value  at  Is.  3d.  per  lb.,  and  would  exceed 
£200,000,  or,  in  other  words  (and  this  is  the  more  accurate  way 
of  regarding  it),  the  mere  gain  in  extract  by  intelligent  use, 
with  proper  appliances,  would  have  produced  166,360  barrels 
of  beer  of  good  gravity,  worth  at  least  £250,000,  which,  after 
payment  of  the  duty,  would  have  been  very  largely  sheer  profit 
to  the  brewers.  Large  as  big  brewers'  profits  are  known  to 
be,  it  nevertheless  shows  clearly  that  little  brewers  work 
on  small  profits,  or  at  a  loss,  and  their  rapid  decrease  con- 
firms the  fact.  Further,  almost  all  the  holders  of  the 
cheap  householder's  licenses  were,  until  last  year,  good  cus- 
tomers of  (chiefly)  the  small  brewers  in  agricultural  or 
manufacturing  outlying  districts.  As  a  rule  they  were  beads  of 
families   using  large  quantities  of  beer,  and  paying  regularly 
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and  well  for  it.  As  they  now  can  brew  beer  more  cheaply, 
and,  in  many  cases,  quite  as  well  as  the  brewers  they  deal  with, 
they  do  so,  and  numbers  of  tiny  breweries  have  disappeared. 
Owing  to  the  loss  of  this  custom,  maltsters  are  standing  still. 
Like  prisoners  who  have  been  kept  in  chains  so  long  that 
liberty,  when  it  comes,  is  irksome,  they  have  been  tightly 
bound  by  the  law  so  many  years  that  their  sudden  hberty 
passes  them  by,  as  a  body,  almost  unnoticed,  and  they  adhere 
to  their  old  practices  and  ideas,  and  refrain  from  making 
alterations  or  experiments.  They  hesitate  even  to  take  the 
benefits  of  the  experience  acquired  in  other  countries  by  their 
co-traders.  A  very  small  number  have  secured  to  themselves 
the  advantages  open  to  all,  and  improved  malt  at  less  cost  is 
their  reward ;  but  the  old  generation  will  nearly  pass  before 
malting  rises  to  the  level  of  what  it  is  now  known  it  ought  to 
be,  much  less  of  what  it  may  be.  Small  badly-worked  malt- 
ings  will  share  the  same  fate  as  small  breweries.  Small 
maltsters  are  badly  pinched,  and  large  ones  complain  greatly  as 
a  rule.  Unfortunately,  we  have  now  no  longer  the  carefully 
prepared  tables  and  statistics  of  the  honourable  Commissioners 
of  Inland  Revenue,  so  that  mere  opinions  can  be  given,  and 
few  actual  facts. 

Landowners  suffer  chiefly,  indirectly,  through  their  tenants, 
excepting  in  those  cases  where  they  cultivate  their  own  land. 
But  the  question  of  indirect  loss  and  suffering  is  too  involved  to 
be  embraced  within  the  limits  of  a  paper  of  this  kind. 

III.  We  will  now  pass  to  my  third  point — The  moral  and 
social  disadvantages  of  household  licences  and  the  desirability 
of  their  suppression. 

Brewers  naturally  cannot  be  expected  to  look  with  favour 
upon  these  licences.  The  marvel  is,  they  do  not  try  to  offer  a 
more  decided  opposition  to  them.  Leaving,  however,  all  trade 
consideration  entirely  out  of  sight,  the  social  and  economic 
disadvantages  are  sufficient  to  render  their  continuance 
undesirable.  Class  legislation  has  usually  little  to  commend  it. 
In  this  instance,  brewers  have  to  pay  a  heavier  duty  to  enable 
that  class  of  the  community  that  can  least  appreciate  it,  suid 
use  it  only  in  (it  is  to  be  feared)  the  worst  way,  to  make  very 
large  quantities  of  beer  entirely  free  from  duty.  This  one 
question  alone  is  sufficient  to  raise  a  long  discussion  amongst 
political  economists.  Time  will  not  permit  me  to  do  it  justice, 
nor  is  it  really  necessary  here.  Practically  looked  at,  it  cannot 
be  right  to  allow  the  veiy  great  waste  that  inevitably  occurs  in 
the  considerable  quantities  of  material  spoiled  by  these  amateur 
brewers.  If  a  man  is  unable  or  unwilling  to  pay  a  higher  rent 
than  £10  or  £14  per  annum,  it  seems  undesirable  to  so  frame 
a  law  that  he  can  get  a  commodity  duty  free  that  has  been 
taxed  for  two  and  a  half  centuries.  If  this  principle  were  put 
into  general  practice,  so  that  spirits,  tobacco,  tea,  and  other 
exciseable  articles  were  to  be  also  procured  duty  free  by 
occupants  of  cheap  houses,  I  question  very  much  if  society 
would  bear  it  so  quietly.   If,  on  the  other  hand,  a  man  occupies 
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a  house  valued  at  £15  per  year,  it  seems  decidedly  unfair  that 
he  must  pay  a  duty  of  25s.  per  quarter  on  the  malt  and  hops  he 
brews,  whilst  his  neighbours  escape  entirely. 

It  is  difficult  to  comprehend  the  difference  between  one 
labourer  in  Suffolk  turning  his  malt  into  beer,  and  others,  in 
Fifeshire  or  Tipperary,  wishing  to  convert  theirs  into  whiskey. 
The  additional  stimulus  given  to  one  form  of  the  truck  system, 
that  has  somehow  managed  to  survive  in  some  districts,  is  a 
generally  admitted  evil.  Labourers  are  paid  in  malt  and  hops, 
or  in  beer,  instead  of  money.  It  is  a  pernicious  plan,  and  can- 
not be  defended  on  any  ground  whatever. 

Hence  upon  moral  and  social  considerations  the  reconsidera- 
tion of  this  slight  advantage  to  farmers  should  be  urged  upon 
the  legislature.  It  is  true  it  seems  the  only  benefit  they  get 
from  the  repeal  of  the  Malt  Tax,  and  it  looks  unkind  to  deny  it 
them,  but  the  whole  is  greater  than  a  part,  and  justice  to  the 
whole  community  is  of  more  worth  than  a  small  and  question- 
able favour  to  one  or  two  classes,  however  poor  and  suffering 
they  may  be. 

IV.  The  Advantages  of  the  Free  Mash-tun. — ^Having  taken 
such  a  broad  general  view  of  this  subject,  it  is  undesirable  to 
leave  it  at  this  particular  time  without  briefly  glancing  at  the 
question  of  the  &ee  mash-tun.     It  has  for  some  time  occupied 
considerable  thought  and   attention,  especially  in  interested 
quarters.    Notwithstanding  the  pressure  of  Insh,  Egyptian, 
and  other  important  business,   it  has  even  appeared  in  the 
House  of  Commons.    Thus  far,  if  my  paper  be  carefully  read, 
it  will  be  found  I  have  been  complaimng  of  defects  and  evils 
rather  than  pointing  out  such  stray  crumbs  of  advantage  as  by 
diligent  seeking  may  possibly  be  found ;  but  before  concluding 
I  turn  to  one  direct  result  of  the  new  beer  duty,  which  is  a 
genuine  advantage,  although,  of  course,  like  all  other  good 
things,  it  does  not  meet  with  universal  commendation.     Free 
trade  has  its  advantages  questioned,  and  so  doubtless  will  the 
free  mash-tun.     To  the  brewer  it  gives  the  opportunity  to 
make  better  beer  in  a  better  manner  at  less  cost.    It  allows 
the  real  laws  of  pure  beer  production  to  be  carefully  investi- 
gated   and    faithfully    followed.     Choice    of   matenal    being 
freely  permitted    by  human  law,    it    does    not  follow  that 
natural  law  will  admit  of   impurity  and  adulteration  being 
freely  indulged  in  by  brewers.     They  cannot  do  it  if  they 
would,  and  of  the  vast  majority  it  may  in  justice  be  said 
they  would  not  if  they  could.     Maize,  rice,  and  sugar  may 
be  looked  upon  by  farmers  as  adulterants  because  they  inter- 
fere with  the  price  of  barley,  but  it  does  not  follow  Uiat 
they  are  such.     Sugar  has  been  freely  used  for  many  years, 
and  the  limit  of  its  use  is  fixed  by  immutable  laws  regu- 
lating the  vitality  of  the  yeast-plant.      Other  materials  are 
innovations,  but  how  a  man  can  determine  that  products  of 
starch  from  barley  are  good,  and  the  same  from  rice  or  com  are 
baneful  and  injurious  adulterations,  I  cannot  see.    Farmers  are 
raising  the  cry  that  any  material  used  in  brewing  excepting 


molt,  hops,  sjid  sugar  is  an  injoriouB  adoltetaut.  This  is  a  vety 
foolish  cry,  and  it  seeioB  remarkable  how  feirmerB  have  turned 
round  and  embraced  their  old  enemy  sugar.  Any  descriptitm 
of  com,  when  rightly  treated,  is  capable  of  producing  a  purer 
wort  than  sugar.  The  starch  and  other  Boluble  matters  obtained 
from  wheat,  rice,  maize,  or  even  dhoura,  approximate  more 
closely  the  natural  extract  of  malt,  and  are  capable  of  making 
a  more  natural  and  healthful  wort  and  finished  beer  than  can 
begot  from  caoe-sugar.  But  assuming  that  such  material  be 
forbidden  (and  such  follies  sometimes  happen),  then  the  liberty 
to  use  malt  rationally  will  be  a  great  benefit  to  intelligent  men, 
unless,  indeed,  the  farmers  would  restrict  that  also. 

For  the  public,  the  free  mash-tun  ensures  sounder  and  better 
beer,  and  so  long  as  beer  I'emains  the  national  beverage  and  can 
be  termed  a  "  Nectar  meet  for  the  gods,"  this  is  a  consideration 
that  will  weigh  against  the  clamours  of  that  class  who,  having 
gained  the  great  benefits  of  the  repeal  of  theMaJt  Tax,  will  find 
the  advantages  of  the  protective  mash-tun  (if  they  succeed  in 
gaining  it)  of  equal  value  to  themselves,  but  a  far  greater  loss 
to  the  general  commonity. 

Amounts  received /or  Malt  Duty,  Number  of  Maltaterg 
Licensed,  and  details  of  Malt  made  since  1858. 
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For  full  details  for  all  earlier  years,  see  the  First  Beport  of  the 
Commissioners  on  the  Inland  Eevenue,  1857,  Appendix  pp. 
xliii.  xliv.  Ixvii. 


Quantities  of  Malt  made  and  Average  Prices  of  Barley  ea^ih 

Year  for  the  last  Century ^ 


Tear. 

Average  nrioe 
Bnshelfi.      of  barley 

Year. 

Bdabels. 

ATenge  nrioe 
of  baney 

perqr. 

perqr. 

B. 

d. 

8.  d. 

1781 

....  26,146,789  .... 

17 

8 

1832  .. 

..  37,390,455  . 

...33  1 

1782 

....  28,015,043  .... 

23 

2 

1833  .. 

..  40,075,895  . 

...  27  6 

1783 

....  17,288,809  .... 

31 

3 

1834  . 

..  41,146,696  . 

.   29  0 

1784 

....  26,609,088  .... 

,  28 

8 

1835  .. 

..  42,892,054  . 

...  29  11 

1785 

....  27,096,338  .... 

.  24 

9 

1836  .. 

..  44,387,719  . 

...  32  10 

1786 

....  22,770,022  .... 

.  25 

1 

1837  .. 

..  40,551,149  . 

...30  4 

1787 

....  27,272,841  .... 

23 

4 

1838  .. 

..  40,550,566  . 

...31  6 

1788 

....  26,868,996  .... 

.  22 

8 

1839  ,. 

.  39,939,941  . 

...  89  6 

1789 

....  24,250,510  .... 

.  23 

6 

1840  .. 

..  42,456,862  . 

...36  6 

1790 

....  22,669,579  ... 

.  26 

3 

1841  .. 

..  36,164,448  . 

..  32  10 

1791 

27,923,505  . .  . 

.  26 

10 

1   1842  .. 

..  35,851,394  . 

...27  6 

1792 

....  28,694,962  .... 

.  26 

2 

1843  .. 

..  35,693,890  . 

..  29  6 

1793 

....  24,453,901  .... 

.  31 

1 

1844  .. 

..  37,187,186  . 

...33  8 

1794 

....  25,695,351  ..  . 

31 

9 

1846  .. 

..  36,545,990  . 

...31  8 

1795 

....  24,716,955  ... 

.  37 

5 

1846  .. 

..  41,969,000  . 

...32  8 

1796 

....  28,142,815  .... 

,  35 

4 

1847  . 

..  35,307,816  . 

...44  2 

1797 

....  30,923,923  ... 

.  27 

2 

1848  .. 

..  37,545,912  . 

...  81  6 

1798 

....  26,967,367  ... 

.  29 

0 

1849  . . 

..  38,935,460  . 

...  27  9 

1799 

....  31,776,690  .... 

.  36 

2 

1850  . . 

..  40,744,752  . 

...23  6 

1800 

....  14,492,537  ..., 

.  59 

10 

1851  .. 

..  40,538,102t  . 

...24  9 

1801 

....  18,573,251  ... 

.  68 

6 

1852  .. 

..  41,123,646  . 

...28  6 

1802 

.  ..  30,360,173  .  . 

.  33 

4 

1853  .. 

..  42,154,140  . 

...33  2 

1803 

....  30,493,707  ... 

.  25 

4 

1854  .. 

..  37,012,382  . 

...36  0 

1804 

....  22,542,859  ... 

.  31 

0 

1855  .. 

..  36,388,170  . 

...34  9 

1805 

....  22,347,999  ... 

.  44 

6 

1856  .. 

..  42,892,188  . 

...41  1 

1806 

....  27,492,395  ... 

.  38 

8 

1857  .. 

..  46,967,461  . 

...42  I 

1807 

....  24,920,289  ... 

.  39 

4 

1858  .. 

..  46,654,986  . 

...34  8 

1808 

....  22,411,138  ... 

.  41 

2 

1859  .. 

..  49,507,728  . 

...33  6 

1809 

....  22,818,143  .... 

.  47 

0 

1860  .. 

..  48,551,149  . 

...36  7 

1810 

....  24,288,426  .... 

.  48 

1 

1861  .. 

..  47,934,614  . 

...36  1 

1811 

....  26,801,604  ... 

.  42 

3 

1862  .. 

49,668,316  . 

...35  1 

1812 

....  18,663,178  ... 

.  66 

9 

1863  .. 

..  45,475,517  . 

...  33  11 

1813 

....  22,385,292  .... 

,  58 

6 

1864  .. 

..  62,912,002  . 

...  29  11 

1814 

....  26,118,612  .... 

.  37 

4 

1865  .. 

..  63,630,682  . 

...29  9 

1815 

....  27,073,982  ... 

.  30 

3 

1866  .. 

..  66,169,279  . 

...  37  5 

1816 

....  26,260,549  ... 

.  33 

11 

1867  .. 

..  55,749,649  . 

...  40  0 

1817 

....  17,139,712  ... 

.  49 

4 

1868  .. 

..  63,023,900  . 

...43  0 

1818 

....  26,462,932  .... 

.  53 

10 

1869  .. 

..  54,612,671  . 

...39  6 

1819 

....  22,344,271  .... 

.  45 

9 

1870  .. 

..  50,916,644  . 

...34  7 

1820 

....  24,536,005  .... 

,  33 

10 

1871  .. 

..  52,889,032  . 

...36  2 

1821 

....  28,697,067  .... 

.  26 

0 

1872  .. 

..  62,211,924  . 

...37  4 

1822 

....  25,151,507  .... 

.  21 

10 

1873  .. 

..  58,090,442  . 

...40  5 

1823 

....  26,873,937  ..., 

.  31 

6 

1874  .. 

..  69,617,497  . 

...  44  U 

1824 

....  27,939,072  . . . , 

,  36 

4 

1875  .. 

..  60,275,623  . 

...  38  5 

1825 

..  28,553,399  .. 

40 

0 

1876  .. 

..  60,067,453  . 

...  36  2 

1826 

....  32,480,678  ..., 

.  34 

4 

1877  .. 

..  61,723,080  . 

...39  8 

1827 

....  29,613,501  .... 

.  37 

7 

1878  .. 

..  60,192,936  . 

...40  3 

1828 

....  36,794,206  .... 

>  32 

10 

1879  .. 

..  59,267,755  . 

...34  0 

1829 

....  29,153,177  .... 

>  32 

6 

1880  .. 

..  61,756,615  . 

...83  1 

1830 

....  32,962,464  .... 

.  32 

7 

Half  yea 

kf  11,054,666  . 

. .  •    ^^ 

1831 

....  39,252,269  .... 

38 

0 

*  For  fuller  details  of  qtumtities  made,  and  duties  paid,  see  Reports  of  Conuxus* 
sloners  Inland  Revenue. 

t  IncluATO  of  export,  duty  free. 
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Number  of  Maltsters  in  Britain. 


Number  of  Maltsters 

Number  of 

Paying  Duty. 

Malthouses  Licensed 

1851  ... 

•   •   ■ 

8,166 

•   •   • 

...     11,048 

1860  ... 

•  •  » 

6,499 

•  •  1 

10,086 

1870  ... 

5,417 

• 

•   •   • 

• 

1871  ... 

5.323 

•   • 



1872   ... 

5,148 

«    « 

1873  ... 

4,977 

1874  ... 

4,801 

■  • 

1875   ... 

4,690 

a  • 

1876   ... 

4,587 

1877  ... 

4,425 

1878  ... 

4,251 

1879  ... 

4,114 

1880  ... 

3,835 

The  number  of  maltsters  entered  in  the  Census  Returns  for 
1881  are  as  follows  : — 


Age 

under— 

16 

20              26 

45 

66 

Over  66 

Males    .... 

44 

484 

1,182 

4,671 

2,553 

539 

Females    . . 

— 

2 

3 

11 

29 

13 

Males    . . . 

2 

17 

50 

156 

77 

17 

Males    .... 

2 

46 

106 

402 

191 

37 

Females   ... 

— 

1 

— 

4 

— 

— 

48 

550 

1,341 

5,244 

2,850 

606 

)  England  & 
/      Wales. 
Scotland. 

I  Ireland.t 
Total  10,369 


The  importance  of  the  barley  crop  is  best  indicated  by  the 
following  extract  from  the  Times,  October  20,  1883 : — 

The  barley  crop,  which  is  next  in  importance  to  wheat,  is 
believed  to  be  this  year  up  to  a  full  average.  Here,  again,  we 
have  to  ask.  What  is  this  standard  average  yield  per  acre  of 
barley  ?  For  the  40  counties  of  England  the  average  is  by  the 
earliest  estimate  37  bushels,  by  the  Central  Chamber  34  1-3, 
and  by  the  last  seven  years'  average  35  bushels  per  acre :  of 
the  United  Kingdom,  according  to  the  1870  estimate,  37 
bushels ;  of  Great  Britain,  according  to  the  1882  estimate  of 
Major  Craigie,  34  2-3  bushels  ;  of  England  and  Wales,  according 
to  the  seven  years'  average,  34J  bushels  per  acre.  If  we  adopt 
36  bushels  as  the  standard  gross  yield  for  the  United  Kingdom, 
and  deduct  three  bushels  as  the  average  seeding,  we  have  the 
average  of  four  quarters  per  acre  available  for  consumption  in 
brewing,  distilling,  and  grinding  for  animals. 

*  I>etailB  not  fnmished  in  Commissionen'  Report. 

t  These  figores  also  include  distillers.  The  number  of  maltsters,  or  men  and 
women  engaged  in  maltinff,  is  considerably  in#uenced  by  the  date  of  making  the 
returns,  and  the  imperfect  diyision  between  distillers,  dlstiUers'  labourers,  maltsters, 
and  maltsters'  labourers. 
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Standard  Average  Yield  of  Barley  in  England,  in  Bushels  per 
Acre,  according  to  the  Estimates  of  different  Authorities. 


County. 


J.  Algernon 

Clarke. 

1870,  Standard 

AveraKe. 


Major  Craigie, 

18^ 

Twenty  Years' 

Average. 


"Mark  Lane 

Express,"  1882, 

Seven  Tears* 

Average. 


Xent . .         t . 

Cambridgeshire 

Cssex 

Northampton 

Lincolnshire 

Norfolk 

Oxfordshire 

Suffolk 

Nottinghamshire   . . 

Yorkshire    . . 

Hertfordshire 

Wiltshire    . . 

Hampshire  . . 

Mean  of  13  Counties 
Average  for  England 


•  I 


40 

39i 

39/ 

38] 

39J 

36J 

393 

36 

41 

89 

37 

37 

Z6i 


1 

t 


40 

37 

38 

37 

34 

37 

35} 

S6| 

34| 

34} 
37 
32^ 
32f 


42 

38^ 

37 

37^ 

38] 

37 

34 

33 

352 

33 

29| 

30 


Means  of  tlie 

Three 
Estimates,  in 

bushels 
and  dedmals. 


40-9 
38-4 
381 
37-8 
375 
370 
36-9 
36  6 
36-1 
361 
35-6 
330 
32-9 


38} 
37 


36 
34} 


35| 
35 


36-7 
35-5 


The  liorae  produce  and  imports  for  last  year,  and  the  produce 
for  the  present  harvest,  appear  to  be  as  in  the  following  table: — 


Acres  of  Barlej  grown 
Yield  per  acre 

Produce  available  for  consumption,  \ 
after  deducting  seed,  in  imperial  | 
quarters       . .         . .         . .  ) 

Lnports  in  imperial  quarters 

Total  supply  available  for  con-  ) 
sumption  in  imperial  quarters     ) 


Harvest  year, 

September,  1882,  to 

August,  1883. 


2,452,000 
(  6  per  cent,  under 
\  average  33^  bah. 


9,272,000 
4,398,000 


Harvest  year. 

September,  1883,  to 

August,  1864. 


2,485,000 
Average,  35  bah. 


9,940,000 

? 


13,670,000 


On  a  slightly  larger  acreage  than  last  year  we  have  grown  a 
much  better  crop,  valued  at  9,940,000  quarters,  after  deducting 
seed,  or  two-thirds  of  a  million  quarters  more  than  last  season. 
The  quality  is  very  varied  ;  a  fair  portion  of  the  barleys  in  the 
eastern  and  southern  counties  is  fine,  bright,  and  harvested  in 
good  condition,  but  much,  nevertheless,  is  inferior,  steely,  or 
discoloured,  and  a  proportion  badly  treated  by  the  weather. 
Coarse  quality  prevails  to  a  great  extent  in  the  north.  The 
imports  in  the  harvest  year,  September,  1882,  to  August,  1883, 
amounted  to  4,398,000  quarters,  and  there  were  no  exports  to 
deduct.  The  total  supply,  leaving  stocks  in  hand  out  of  the 
question,  was,  therefore,  according  to  this  estimate,  13,670,000 
quarters.  At  this  rate  we  ought  not  to  require  from  abroad  so 
much  as  4,000,000  quarters  during  the  current  twelve  months 
ending  next  August. 
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The  following  return,  showing  the  sales  of  home-grown 
barley  and  the  average  price  realised  in  the  principal  markets 
of  England  and  Wales  in  each  week  for  four  years  from  the 
commencement  of  September,  1879,  may  be  of  interest  and 
value,  as  indicating  the  course  and  relative  sales  upon  such 
markets  as  made  returns  at  the  periods  named. 


Week 
ended. 

1879. 

1880. 

1881. 

1882. 

On. 

8.  d. 

On. 

B.  d. 

On. 

1.  d. 

On. 

1.  d. 

Sep.  2 

343 

32  11 

398 

36  0 

432 

32  10 

1,118 

36  2 

»   9 

845 

36  8 

1,796 

35  1 

1,151 

34  6 

2,371 

36  0 

„  16 

2,198 

43  2 

5,846 

33  6 

3,709 

36  7 

7,186 

36  11 

„  23 

5,402 

41  11 

14,769 

34  0 

8,149 

35  0 

19,068 

36  1 

„  30 

9,689 

40  7 

21,221 

34  0 

18,919 

35  1 

40,414 

34  10 

Oct  7 

19,212 

40  9 

40,964 

34  2 

32,360 

34  10 

64,084 

34  4 

„  H 

26,407 

40  10 

68,062 

35  2 

43,812 

34  9 

76,770 

34  0 

„  21 

36,432 

40  10 

63,830 

35  2 

63,442 

36  8 

82,751 

34  6 

,.  28 
Nov.  4 

58,525 

41  1 

82,164 

35  11 

62,929 

35  4 

80,628 

34  4 

67,447 

40  8 

79,961 

35  2 

67,884 

35  2 

88,404 

34  6 

„  11 

72,569 

40  1 

93,610 

34  7 

74,646 

34  9 

80,178 

34  1 

,,  18 

72,276 

39  8 

88,276 

33  9 

70,882 

34  6 

89,932 

34  4 

„  25 

79,041 

38  10 

84,542 

33  6 

92,535 

33  6 

94,502 

34  4 

Deo.  9 

81,690 

38  7 

82,735 

32  8 

82,068 

32  6 

93,261 

34  6 

M   16 

80,701 

38  0 

76,083 

31  6 

75,774 

31  8 

89,036 

33  8 

»  23 

68,732 

37  11 

71,431 

31  3 

74,265 

31  6 

83,468 

33  1 

„  30 

61,071 

37  7 

49,312 

31  6 

57,806 

31  6 

70,919 

32  8 

Jan.  6 

40,666 

36  8 

39,344 

31  6 

60,610 

31  10 

47,558 

32  4 

„  13 

66,696 

37  2 

62,638 

32  1 

66,366 

32  9 

65,282 

32  8 

„  20 

64,088 

37  3 

70,765 

32  7 

76,763 

33  2 

78,112 

32  6 

J'  27 
Feb.  3 

68,242 

36  4 

56,313 

32  6 

75,888 

33  4 

74,160 

32  9 

63,354 

36  10 

53,273 

33  2 

68,493 

32  2 

70,469 

32  9 

„  10 

51,008  36  10 

64,412 

32  9 

68,136 

32  6 

66,032 

32  10 

,,  17 

41,646 

36  11 

48,952 

32  1 

62,621 

31  10 

66,176 

33  1 

M  24 

33,655 

36  2 

43,324 

31  10 

42,726 

31  4 

63,596 

33  6 

Mar.  3 

30,343 

38  2 

46,983 

31  7 

37,778 

30  8 

42,844 

33  8 

»  10 

27,689 

34  10 

40,537 

32  1 

36,677 

30  6 

50,952 

33  7 

„  17 

21,816 

34  11 

36,596 

31  8 

30,090 

30  0 

44,350 

33  11 

„  24 

20,637 

34  5 

32,113 

32  2 

42,425 

30  1 

40,160 

33  3 

„  31 

12,602 

35  0 

25,946 

32  2 

21,679 

30  11 

29,965 

33  1 

April  7 

10,344 

33  9 

16,673 

32  0 

16,267 

30  0 

21,252 

33  2 

,,  14 

9,487 

33  8 

13,224 

32  1 

8,595 

28  7 

16,575 

33  3 

,,  21 

7,628 

32  8 

10,487 

31  11 

8,870 

28  9 

12,564 

32  10 

„  28 

5,564 

33  6 

7,340 

31  6 

12,066 

30  7 

11,787 

32  9 

May  6 

4,149 

33  4 

7,180 

31  6 

7,137 

28  6 

5,834 

32  4 

„  12 

2,803 

32  2 

4,981 

30  9 

6,072 

28  9 

3,696 

31  4 

„  19 

1,480 

32  8 

2,332 

31  10 

3,860 

27  11 

1,934 

30  8 

„  26 

639 

33  4 

1,661 

31  9 

2,440 

28  4 

2,617 

31  8 

June  2 

583 

28  4 

960 

30  2 

1,421 

28  4 

861 

29  3 

„   9 

608 

32  0 

638 

31  1 

1,115 

27  4 

443 

28  2 

,.  16 

605 

30  9 

219 

30  6 

846 

26  6 

863 

26  6 

„  23 

648 

28  3 

411 

30  3 

703 

27  6 

791 

31  6 

„  30 

380 

31  11 

394 

29  3 

756 

26  10 

467 

29  8 

July  7 

433 

28  6 

371 

27  9 

858 

27  4 

270 

28  11 

»  14 

436 

27  0 

208 

26  11 

877 

26  6 

449 

29  2 

„  21 

333 

27  9 

186 

27  6 

668  27  8  1 

624  27  10 

„  28 

177 

27  1 

291 

27  6 

590 

27  1 

298 

27  6 

Aug.  4 

761 

25  1 

216 

30  1 

394 

29  1 

236 

30  0 

„  11 

450 

29  7 

233 

28  6 

1,030 

26  7 

83 

27  9 

„  18 

356 

29  9 

192 

28  5 

504 

26  1 

399 

28  9 

„  26 

637 

33  2 

307 

30  9 

886 

30  4 

241 

29  4 

Total  ] 

,382,092 

34  4  ] 

1,181,402 

31  11  ] 

1,638,078 

31  0  ] 

,943,729 

32  4 
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Air,  aotioii  of,  in  "^ftlting 

,,   germs  in     

„   propellers 

Air-purificaidon 

Aitken,  A.  P 

Albuminoids,  see  Protdns. 

Albnmose...        
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„    in  beer  and  malt 

Alcoholic  drinks 

Alkalies. 

Allemann,  H 

Allen,  A.  H 

Allihn,  F 

Allman,  G.  J 

Amber  malt       

Amides,  see  Proteins. 
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Amsdon,  E 
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AmVot,  G.  J.  B 
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Anemometers     
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„  potash  carbonate  on     1,303   ...    490 

...    58,  189,  274,  382,  J^l,  U6,  U7,  J^^9,  537,  633,      ~ 
634,  839,  875,  876,  1,808, 1,809,  1,944,  2,066,  2,200,  413,  549 


adulteration  of 


htdbx. 
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Bage 

Beer  {continue^  aloohol  in  659,  997,  2,106,  450,  470,  642 

„  analjaes        ...  956,  m,  669,  693,  696,  700,  7U,  802,  859,  925,  1,035,      — 

1,123,  1,302,  1,338, 1,3J^,  1,397,  IM^,  1,618,  1,660,      ~ 

1,826,  1,96U,  2,229,  424—550 

„  a8h  analysis  1,263   ...    487 

„   bottled  593,1,927,446,631 

„   cloudy  502,  1,923,  l,92jt,  S9S,  440,  631 

,,  copper  in       It946   ...    532 

„   duty...  886, 1,355, 1,357, 1,545, 1,625, 1,903, 1,934, 1,947,  1,954,  2,241      — 

10,  13—16,  18,  463—623 


,,  export 

„  flattening       

„  glycerine 

„  ^yveom         

9,  umuence  of  light  on 

9,  ,,  malt  on 

4,  ingredients 

,,  lactic  add  in 

„  lead  in  

„  optical  rotation  of    ... 

„  pasteurisation  of 

„  picric  add  in 

„  picrotoxine  in 

„  preservation  of 

„  proteins  of 

,,  physiological  action  of 

, ,  reduciye  power  of   ... 

„  salicyUo  acid  in 

„  salt  in  

„  settling  tanks 

„  standards  for 

,,  starch  in      

„  statistics  of 

„  storage  of 

, ,  sulphuric  acid  in   ... 

„  tannic  add  in 

,,  yiscosity 

„  V.  wine 

„  see  also  Chica,  Sak6,  &c. 

J^eiir,  ^Lt  ...         ...        ... 

Behrend,  0- 

p 

Bekelbaring        

Beketoff,  A. 

Beling,  T.  

JjGII,   V  m  ...  ...  ... 

Bell,  J.  W 

Belohoubek,  A 

Belt-conveyors 

Benard    ... 

Bennett,  A.  W 

B^ral,  P.  J 

Bere,  or  Bear,  see  Bigg. 

Bemath,  J. 

Bembeck,  G. 

Bemouilli,  J. 

Bersch,  J  . . . 

x>erw,  sTm    ...         ...         ... 

Berihelin,  — . 

Berthelot,  M 

Bertoloni,  G 

Berz6Uus,  J.  J 

Bessler,  A. 

Bialoblocki         

Bibra,  £.  ▼. 

Bichon,  0-.  W 

JPlJf  if  •••  ■•■  ••• 

^PIllB  •••  •«■  •••  * 

Blot,  J.  B. 


•  •  • 

•  •  • 

•  •  • 

•  •  • 


...  1,011  ...  471 
...  1,089,  1,091, 1,092,  1,094  ...  476 
20,218,411,423 

•  ..  ...  ...  ...     £,x\fi      ..•     04o 

...  ...  ...  ...  X,*^*f^        ...         4«7  4F 

1,184,  132,  483 

1,956,  2,103,  533,  542 

644,  2,109,  449,  543 

•  *■  •••  •••  ■••  M  ftJ\/\J         ••*         ^ww 

•  ••  •••  •■•  •••        IfiyOi  •••        OuA 

...     148, 1,495,  1,501,  1,866,  418—528 

274,2,086,426,641 

189,  446, 1,809,  421,  436,  524 

90,1,927,416,631 

2,071,2,153,640,646 

...   38, 198,  343,  608,  412,  422,  430.  446 

...  ...  ...  ...      2,lftjO     ...     Oo« 

79,190,414,421 

623,  650,  883,  447,  449,  463 

1,457   ...    500 
504    •>>    440 

1,012,1,013    ...    471 

2,118,643,62^ 

...      366,  377,  689,  721.  2,165,  432—546 

503, 1,666,  2,196,  441,  514,  548 

673,2,108,461,642 

•  •.  ...  ...  ...  J.OO     ...     4I9 

5^,  6^9,411,448 

...  ...  ...  ...  ...       l4<5,  OoU 

...  ...  ...  ...  ...       4Io,  0a4 

49, 146,  147,  181,  182,  334,  418 

•  ■•  •••  •••  •••  •••  •••       *  X  w 

419 

«••  •••  «••  •••  •»•  •••       ^  A  V 

419 
419 
4.10 

Q1     4.1Q 

...  ...  ...  ...  ...  V  A. ,    ^  Xv 

...  ...  ...  ...  ...       ^o7y  268 

4.1Q 

...  ...  ...  ...  ...  ...      7  X  V 

...  ...    ,       ...  ...  ...       41tf,  oZU 

4.1Q 

419 
410 

•••  •••  •••  •••  •••  •••**V 

350,370,419 

■a*  •••  •••  •••  •*•  •••     SmV 

.■■  •••  ••■  ••»  •••  •■•    ^K  AV 

420,430,503 

491) 

•  ••  •••  •••  •••  ••»  «%«**lv 

420,  504 

420 
420 

•  ••  •••  ••*  ••«  •••  •••      vt/Y 

421 
25,892^973,  14,  69,  335,  4i'l,  464i  469 
1,204,  222,  223,  257,  484 

491 
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•  «   • 

•  »   « 


^#^aU\7a  y     a^^^  •••  •••  •••  ■•• 

Sisohoffy  — . 

Bifiulphite  of  lime,  see  Lime,  bisulphite 

Biuret  test  for  peptones 

Blaoki  W.  ...        ... 

Black  malt,  see  Roasted  malt. 
Blanchard,  — .   ... 

JiioSf  iXL.    ...  ...  ...  ... 

Bley,  Xi.  F. 

^JiXjCUf  x^ ....  ...  ...  ... 

Blondeau,  G. 

Blown  malt,  see  Brown  malt. 

Blumberg,  T 

jJoajEe,  A.m  ...         ...         ... 

Boby's  soreens 

Boonmann  ... 

B^Jcker,  F.  W 

Bohm,  J. ... 

jDoens,      .  ...         ...         ... 

Bottger,  R 

Boland,  R.  

JDOJaB,    X....  ...  ...  ... 

Bold,  T.J 

Boldt,  — . 

BoUey,  P.  A 

Bonafous,  M 

Bondonneau,  L 

Bonne,  G.  R. 

Bonnier,  O 

Bonvoisin,  B 

Book-keeping,  brewers' 

Booth,  D.... 

Borax 

Boreau,  — .         

Borpmann,  E 

Bone  acid,  see  Acid,  boric. 

Borodin,  J 

Borsczow,  E 

Bosshard,  E 

Bouchardat,  A 

Bouillon-Lagrange,  E.  J.  B.  ... 

Boulanger,  A 

Bourlet  de  la  Vall6,  A 

Bourquelot,  E 

Boussingault,  J.  B 

Boutrouz,  L 

Bowley,  J.  E 

Brackebusch,  H.  

Braconnot,  H 

Bradley,  N 

Bran        72J^,  1,291, 1,609 

Brandt,  W.T 

Brannt,  W.  T 

Bras8ey,  L 

Braim,  A. 

Bread       ...         ...         ...         ...         ...         ...      68i,  68 If 

Break  of  wort,  relation  of  ago  of  malt  to 
.tSreem,  W.  ...         ...         ...         ... 

Brefeld,  O 

Brejcha,  — . 

Brenning,  — ,     ... 

^rescius,  "-•»      ...         ...         ...         ... 

Brewers*  oongro^s,  1880  (Qennan)    ... 

Brewery  construction   ...      ;?^J,  755,  908, 1,778, 1,779, 1 

Brewing  instrtunenta 

material 


ti 


1,150, 


18,1, 
131,589, 


Page 

...      421, 4o8 

...  546 

269,  162,  426 
373,  389,  421 


...  421 
...  421 
...  421 
...  421 
...  421 

...  421 

421,  433 
296—299 

422,  436 
...  422 
...  422 
...  422 
...  422 
...  422 
...  422 
...  422 
...  467 
...  422 
...  422 

422,  423,  519 
...  423 

423,  537 
...  423 

607,  410,  510 
423,  552 

148,  417,  433 
...  434 
...  423 


1,736,  453, 
'342— 


1,609, 


...  423 

...  423 

423,  527 

...  423 

...  423 

...  423 

...  423 

423,  424,  433 

...  424 

...  424 

...  424 

...  424 

...  424 

...  424 

489,  510,  519 

116,  424 

344,  424,  535 

...  424 

...  424 

451,  480,  510 

...  392 

...  426 

406,  425,  503 

401-^03,  425 

...    ( . .  4*>o 

425 

951,  2,018,  2,i70,   427— :>."»3 

721, 1,259,   453,  4H7 

6J^,  651,   449,  628 


plant 1,J^5,  1,459,  1,778,  1,779,2,191,  600,  b22,!»A% 

processes,  2,  19,  39,  J^l,  U2,  76,  9^—100,  lOU,  U7,  161,  187,  196,  — 
207,  217,  2Uy  2U6,  2U7,  261,  308,  3U,  3U7,  31^8,  351,  352,  358,  ^ 
m,  5U,  518^^53,  585,  61If^-^16^  678,  681,  7J^,  753,  754,      — 


Bnwinff  prooesftas  (ttmlinmdy — 

775—779,  816,  817, 8iO,  8i3,  sr 

;,'"-;«,  i,iss,  1,176—1,187,  i,r> 

l':3,  l,SeO,  1,312,  l,Sie.  1,-: 
1, : a,  1,U6-1,M8,  l.iSS,  !,■•  ■ 
l.':.:0,  1,650,  1.665,  l,682~lf:-. 
!  -\i,7, 1,879,  1,901,  1,902,  1,1" 
l.:>-^,  1,987,  1,992—1.994,  «,'■ 
..'/";3,  t,oeS,  1,068,  2,075,  2,l 

J  /■■r,  e,si9,  i,2!io,  i,t2i,  t..y. 
t,2t: 

BTeTman,  C 

Brefnuum,  E 

Briant.  L.  

Brick  for  gtowing-floora         

British  AaBOdation,  Fapecs  recul  to    ... 
Bromine,  actilm  on  gannination 

Brongniart,  A. 

BrooniB 

Brown,  H.T.     

Brown  malt        

BrockeE.  

BrngDateUi,  T. 

Boinetti,  — .      


K<.  ;,oio,  li.o-.'i 

2,05'..   ■,'■■,■.,      - 

>.   J,lil,   2.189 

8,170,  .'J^.,      — 

',.  s.ii7-t.m. 

tJ5S,   ;::'.!,      — 

lJ7S—S,f78.  t,S93,  S,J:i::  ".,  109—654 

425 

428 

U2,  163,  425 

189 

608—623 

660    ...  460 

«26, 426 

268 

113,  114,  149,  150,428 

...130,  158,  150,259 

Bnuhes 

Brjnjoh,  F.  B.  ... 
Bobnoff,  S. 
Bnchn^,  H. 

J.  A.    ... 

L.A.  ... 
Baokland,  A.  W. 
Bnckman,  Prof.  J. 
Buckwheat 

Burow,  F *'^l 

Ball,B.W ■■■         427 

BuImer.G.B ■■  «7 

Bimgoner,  H «7 

Bnrton,  kiln  at 378 

„      water     7,181 

Boebel-meUDres  3S4 

Bu8k,G 102,427 

Bynie.  O.  *27 

Cadet  de  GasBiooiiPt,  0.  L 427 

Cain^Bid  Latonr,  C 427 

Caillal,  — 428 

CaJloud,— 428 

Candles  in  maltdngi      191 

CandoUe,  A.  P.  da         428 

Cantu,  G.L 428 

Cap,P.A 428 

cJamel  141,143,165 

CarBohydrateB 268,569, 1,570,  J, 7i9,  il6.  Hi,  bOi,  620 

,,  Be*  Staiob,  &o. 

Carbonio  oxide,  action  on  vegetation  1,972    ...  634 

C«r,  J 428,  514 

Ouradori,  G ^28 

CarruUiers,  W 428 

CaiBten.H ™ 

Carter.  L 428 

Cartnyrela,  J.    ... 
Csrtj,  J. 

Casira       

Cattaneo,  A 429 

Cattle-feeding,  malt  for  IB 

Cauvin,  J ^^4 

CaTairi,A 429 

Ca™ton,J.B 429,612 

Geoh,  C.  0 429 

OeUidoBO 109, 110,  liO,  17i,iOO,  m,  584, 591,  611,  l,05i,  1,153,       — 
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Fag» 

Cellulose  (conttmted) — 

1,153, 1,340,  l,38It,  1,385, 1,U15, 1,516, 1,519, 1,520, 1,5U.       — 
1,525, 1,529, 1,543, 1,550, 1,610,  1,654, 1,801, 1,802, 1,827,       — 

1,857,  1,875,  2,047,  106,  138,  416—639 


Cement  for  gpx)wing 

-floors 

•  •  • 

•  • 

*                                 •  •   • 

...           ...            ...    loo 

Cermak,  C. 

•  •  • 

•  •  • 

•  •  i 

*                                 •  •   ■ 

se& 

Chabas,  — . 

•  •  • 

•  •  ■ 

9  •  1 

•  •    • 

4 

•••                  •••                  ■«■             ^ 

Chalk  used  in  cistern  and  on  floor 

•  ■ 

ft                                 •  •  • 

36,  4» 

Champion,  W.    ... 

•  •  ■ 

;;;  159, 321, 346, 

362,  367,  362,  389,  429 

Chancellor,  H.   ... 

•  •  • 

•  •  \ 

•  •   • 

429 

Chandelon,  T.    ... 

•  •  • 

•  •  1 

•   ■   • 

429 

Chappelet,  — .    ... 

•  *  • 

•  •  « 

•    ■    • 

606 

Chapta],  J.  A.    ... 

•  •  ■ 

•  •  « 

•   •    • 

429 

Chatin,  M. 

•  •  ■ 

■  •  • 

•  •   • 

429 

Chayalie,  — . 

•  •  • 

•  •  • 

•  •   • 

429 

Cheralier,  A. 

« •  • 

«  • 

•  •   • 

606 

CheTTOul,  M.  E.... 

•  •  • 

•  • 

»                                 •  •  • 

429 

Chica 

« •  • 

•  • 

53, 

706,  174, 175,  412,  462 

Chichester,  H.  M. 

•  •  ■ 

•  •  4 

k                •  •  • 

476 

Chittenden,  R.   ... 

•  •  • 

•  • 

1                 ■  •  • 

476 

Chlorine  ... 

•  •  • 

• 

6^6,  883,  1,889,  407,  460,  463,  629 

Chloride,  hydric,  see  Acid, 

hydrochloric. 

,,         of  iron... 

•  •  • 

...  . 

•  •  • 

•    •    4 

...      1,140,  153,  479 

„        of  mercury 

on  parapeptonee 

•   • 

•  •■                 •••                 •••&  VO 

,,         of  potassium  as  manure 

•  •  • 

•   •    « 

...       2,232    ...  650 

,,         of  sodium, 

see  Salt. 

,,        of  tin,  action  on  starch  and  suflfsr... 

•   • 

...      1,539,  141,  606 

„        of  zinc,  action  on 

starch  and  cellulose 

•   •    « 

...109,  102,  103,  416 

Chloroform,  action  on  peptones 

•  •  • 

•  •  • 

•    •    i 

•  ••                ••«                ••■     X  vX 

Chodounsky,  — . 

•  •  • 

•  •  ■ 

■  •  • 

• « • 

■    •    ■ 

364—366,  367,  429 

Cholesterine 

•  •  t 

• «  • 

•  •  • 

« •  • 

•   • 

...     1,694,  107,  616 

Chondrometers  ... 

•  •  ■ 

•  •  • 

•  •  • 

« •  • 

•   •    • 

1,53$,  286,  286,  606 

Christiani,  W.    ... 

•  •  • 

« ■  • 

•  •  • 

•  •  • 

•   ■ 

...              ...              ...     sOV 

Christopher,  — . . . . 

■  •  • 

•  •  • 

•  •  • 

•  • « 

•   • 

...             ...             ...       Oa 

Churoh,  A.  IT.    ... 

•  •  • 

•  •  • 

•  •  • 

•  • « 

■    • 

...           ...           ...   4vv 

Cienkowski,  — 

•  •  • 

•  •  • 

•  •  • 

« •  • 

•   •    < 

...           ...           ...  Ol3 

Cieelar,  A. 

•  •  • 

« ■  ■ 

•  •  • 

•  •  • 

•   •    1 

*•«                     ...                     ...       wVV 

Clark,  Dr. 

•  •  • 

• «  • 

•  •  • 

•  •  • 

•   • 

167,  168 

y  1          XjL«  ■  •  •              •  •  • 

•  •  • 

•  •  • 

•  *  ■ 

•  •  • 

•   • 

«••                 •«■                 •••     90^^ 

Clarke,  J. 

•  •  • 

•  •  • 

•  1  • 

•  •  • 

•    •  « 

•  >•                 •■«                 •••     vvV 

Clausnitzer,  F. 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

•    ■  « 

• .  •          •  ••          •••   4S0 

Clement,  — . 

•  •  • 

•  *  • 

•  •  • 

■  •  • 

•  •  a 

•  ••                ••■                •••     9  w^F 

Glunch  for  gprowing- 

floors 

•  •  • 

•  •  • 

•  •  • 

•  •  4 

•  ••           ■••           •••!  B  V 

Clung  malt,  see  Be- 

drying 

» 

Coal         

•  •  t 

•  •  • 

•  ■  • 

•  •  • 

•  •  fl 

40,41,  45 

Cochin,  D 

•  • « 

•  •  • 

•  « t 

•  •  • 

•  •  i 

420,430 

Cohn,  F. 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  « 

...            ...            ...   4«lv 

Coke        

•  •  • 

•  ■  ■ 

•  •  • 

■  •  • 

•  « 

...28,31,40,42,46 

Coke-towers 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  « 

242,  270 

Colchicine  in  beer 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  1 

382,  614,  433,  448 

Coleman  and  Morton,  screens 

•  •  • 

« •  ■ 

•  ft 

296,  297.  802 

Coleman,  J.  J. 

«  ■  ■ 

•  •  • 

•  •  • 

•  •  « 

...              ...              ...    4wV 

Coleorhiza  (root-sheath) 

•  •  • 

•  •  • 

•  •  a 

636,  637     ..:  448 

Colin,  — . 

•  • « 

•  •  • 

■  «  « 

•  ••             •••             •«•    4ov 

Collier,  P. 

•  •  • 

•   a   • 

•  «  « 

•  •■                    •••                     •••      9  V  1 

Colour  in  malting 

•  •  • 

•   •  • 

•  •  « 

60,  89,  98,  191,  386 

Columella 

•  •  • 

•   •  • 

•  I  t 

••■                   •••                   «••              V 

Colyer,  F. 

•  •  ■ 

•   «  • 

•  •  < 

•  •  •         •  • .         ...  522 

Combes 

1,138, 

1,261, 

1,S 

^23,  390, 

391,  393.  479,  487,  626 

,,         composition  of 

•  •  • 

•  •  • 

•  i 

,..1,789,  176,176,369,  623 

Combrune,  M.    ... 

•  •  • 

»  •  • 

•  • 

26, 

162,  363,  364,  389,  431 

Commaille,  A.    ... 

•  •  • 

• 
•  •  • 

•  •  1 

431 

Concrete  floors    . . . 

•  •  t 

•  »  • 

•  •  • 

190 

Conron,  P.  R* 

•  •  • 

«  •  • 

«  •  1 

431 

Contri,  O.  F.     ... 

•  •  • 

■  •  • 

•  «  ■ 

431 

Conveyors 

•  » • 

■  •  • 

•  • 

267—270 

Cooke,  M.  C. 

•  •  • 

•  •  • 

•   «   4 

431 

Cooloy,  A,  J.     ... 

•  •  • 

•  •  • 

»    ■    4 

431 

Cooling  wort 

•  •  • 

ft  •  • 

•    ■    1 

2,165,  2,225,  646,  660 

Cooper,  W.  J.   ... 

•  •  • 

•  •  • 

•    • 

•  *•            .«•             »»•    W"" 

INDEX.  639 

Cooperage          f,(?5P,  l?,£74,  640,  663 

V^w  klUCvy    XjTm                           •••                     •••                    ••■                     •••                    •••                     •••                     ••■                     •••  •••                     •••^OX 

Copper  ...  U2,  555,  1,073,  2,946,  S,064,  104,  105,  142,  143,  436,  443,  475,  632,  640 

^^vintTT «   ^«              •••           •••           ■■■           ■••           •••           ••>           It*           •!•  •••            •••^tjx 

^^wXjHl»y  ^*^  •           •••          •«■          •••          •■•          •  9  m                        •!•          •••          •••  ■••          •••    s  V  X 

Com-ooclde  seeds  in  meal        1,500,      ...  607 

Comwonn  (ri^ffra^ranW/ia)       93 

Coam   A  431 

^J^^Sm^Xm^MXjf  J     *^^^tt     VXw*  «•                        •••                        •«■                        ««•                        •«•                         •!•                        •  •  m                        •«•  •••                        •••sVmI 

^^VUvXl|     V»«»a                        «••                         •••                        •••                         •••                        •••                        •••                        •••                        ••■  •••                        «••       TkO^ 

Couch       3,13,16—17,194,196,268,339-344,347 

^yOUUU I? w,  X^«      ...      ...      •••      •••      ...      •••      •••      •••  ..•      •••  ^O A 

Coventry,  A.       ...         ...         ...         ...         ...         ...         ...         ...  ...      178,464 

^^v^T VUX|  ^^m   V*       •••         •■•         •••         •••         •••         •••         ••*         •••  •••         •••   Y V^ 

Cowls,  see  Kilns. 

Craoe- Calvert,  F.          ...         ...         ...         ...         ...         ...         ...  ...          ..  432 

^^X  CbXXXvA  ■  \y«        ••#        «••        •••        •••        ••■        •■•        •••        •«•  •••        •••   jKvO 

^^XO  w£ll  UO  •••        •••        •••        •••        •«•        ««•        ••■        ■••        •••  •■•        •••      V 

\y A vX V y  JUL* •••        •■■        •••        ■••        ■•■        ■■•        •••        •••        •••  •••        •••  Vv^ 

UrOI&Py  xjtm  Jfi*   vV •              •••           •••           ...           •••           ...           •••           •••  •••           •.•   4oZ 

Crystftl  mftlt       ...         ...         ...         ...         ...         ...         ...         ...  ...      119,  161 

A/wXw ,   V .   \y .                   ...                ...                ***.              ...                ...                ...                ...                ...  ...                ...sO^ 

JL/aiSOD,    »V  .  XI.    ...             ...             ...             ...                               ...             ...             ...  ...             ...    ^v& 

jjancK wortv,  w ....         ...         ...         ...         ...         .<.         ...         ...  ...         ...  4<jZ 

jL/amou,  t\t  X.    ...         ...         ...         ...         ...         ...         ...         ...  ...         ...  4i3a 

jjam le^rsJLy ,  a,,,,         ...         ...         ...         ..«                    ...         ...  ...     4oz,  4oo 

x/annenberg,  Jii. ...         ...         ...         ...         ...         ...         ...         ...  ...         ...  4uu 

A^9£Vj,    C                      ...                 •..                ...                ...                ...                ...                ...                ...  ...                ...     fsOO 

x^axuep,  V .  x^.  v....         ...         ...         ...         ...         ...         ...         ...  ...         ...  ov/O 

Dari         SS^,  P^,  V^^i  67,  172,  463,  467,  479 

Damel-seed        1^37,  29,  619 

A^wUBItfvB    ^"^^«                    ...                 »••                 ..•                 •»•                 .«.                 «•»                 «■•                 •.•  ••■                 ••«     V OO 

Daubexiy,  C.      ...         ...        ...        ...        ...        ...        ...        ...  50,  433,  633 

^^rCXVX0a      ^  ••••                         •«.                         ..■                         •••                         •«•                         •••                         •«•                         ...                         !•■  •••                         •••       TkOO 

^^rlvjT  a  VjT*   •••        ...        •»•        •••        •••        •*•        ••»        ••«        «•■  •••        •••  Vf#0 

•  •   ^  •  ^^«        ««•      ..•      •••      •.«      •••      •••      •••      •*•  jL^  §  ^    ^  00«  900 

A^^XX3xX  M  •  *^^«       ...       .••       •••       ••■       •••       •••       •••       •••  •••       ••«   •  OO 

^^OvXvjTy  «Aw*  v«     I*.       .••       .«•       •••       ■••       •«#     .•••       •••  •••       •••   sOO 

J  f  yX  XTTtrllTr  J      JL«                 *••                     •••                     •••                     •••                     •«•                     «••                     •••                     •••  •••                     ••■      ^%^%i 

^^^VrflCvXXO*  •     ^L   •                       .«*                         ..«                         •••                         •*.                         ...                         ••.                         a.f                         •••  ...                         cssX  X  X 

Denerain,  P.  F. ...         ...         ...        ...        ...        ...         ...        ...  63,  433,  434 

J^^VXXXXXCXa   J^^%                  .»>                 «••                 *••                 ...                 «>•                 •••                 •«■                 ••*  •••                 •••      sO  s 

^^rOXUnXOa     Mm^9                         •••                        •••                        •••                        •••                        *••                        *•«                        •••                        •••  •••                        •••       Y  V  • 

XJoiDiruc&y  JBb.«       ...          •••          •••          I..          .f»          ..»          •••          •«•  •••      4o4|  4o9 

A^tSXXX&xCcl'Y^y    xX«          •••                  •«•                  •■•                  •*•                  •••                  ■••                  .••                  •••  .*•                  •••      sOw 

A^  vUXU  HV^  OlX  •     V/a             «•■                        aat                        ••■                        •••                         •••                         ■••                         •••                        •»•  •••                         •••       400 

A^oBjttFUXxx0|  Va        •••              •••              •«•              «••              •••              •!•              •••              ■••  •■•               •••    900 

j^OBiQOiiliiiS)  C.              ...         «..         ...         •«•         ••■         •••         •••  ...         ...  435 

A^vOwFOuJy    J^»                •••                  •••                  •••                  ■••                  •••                  •••                  •••                  ...  .••                  •••      (rXw 

Dextrine.:.  77,  110,  201,  452,  m,  470,  557,  694,  725,  762,  1,012,  1,051,     — 

1,400,  1,402,  1,403,  1,508,  1,509,  1,511,  1,512,  1,524,  1,635,     — 

2,657,  1,733,  2,075,  2,190,  105,  106,  137,  414—647 
Dbonra,  see  Dari. 

DiBAtase ...        39-43,  74,  88, 137,  229,  241,  383,  593,  424,  425,  454,  456,     — 

457, 468,  469, 472,  473,  478,  727,  814,  849,  850, 998, 1,097,     — 

1,301,  1,439,  1,489,  1,521,  1,528,  1,535,  1,536,  1,646,     — 

1,814,  1,868,  2,073,  2,218,  2,238,   112—114,   148,  328,   360,   383, 

412—660 

X<r  xGu  V  X'xCD  I  ^^^«       «••.           •••              ■•«             •••              •••              •••              •••              •••  •••              •••ft  OtJ 

JL^IOaCi&OOi  tls  X3  •                    ■!•              •••              •««              •••              •••              •••              •.«  •»•              •••90v 

JL^lvUvXXOXl  y    £i*             *tfl                 •••                 •••                 •••                 •••                 .f*                 «.•                 •••  ••«                 •■•     900 

I/I6tncxiy  X.         •  4  •         • « •         •  •  •         •  •  •         . .  •         • .  •         ■  ■  •         • « •  . .  •      w  Oy  435 

^^Xv vZBOXXa    ^^«              •••                ...                •■«                •••                ■••                •••                •«•                •••  •••                •••     %Ov 

JDixnicnowioZy  ^"«          ..«        •••         •••         •••         •*•         •••         •••  •••         ..•4oo 

J^rUxxulOCA*  ^^*  f*«.*              .«•              .••              •«•               •••              •••              •••              •.•  •.•              •«•    ^vO 

^^lOClOxuo                    •*•             •••             •••             •••             •••             •«•             ••.             •••  .••             •••          V 

^^xObOOx'XuOd              •••             ..f             •••             •••                               •*•             *■*             •••  •••             .»«          O 

Dispersers  and  dissipators,  see  Kiln. 

J_r  I  trlf  i  I  i  TTi  1     Yt  •              •••                 •••                 •••                 .*■                 •«•                 •*.                 ••«                 ••*  ••.                 ...fK  vO 

Djngara  (grain) ...                   ...         ...         .  ■ .        . .  •        ...        ...  2^69    . . .  663 
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Dol)ell,  — .  

DobroslaYine,  A. 

Dombasle,  C.  J 

I>onath|  £. 

Domiy,  F.  

Doling,  — . 

Dragendorff ,  A 

Drechfiler,  — 

Dressly,  E 

Dryrngj  see  Kilning. 

DubaiJ,  E 

Dubief ,  L.  F 

DuboiSf  — . 

Dubrunfaut,  — 

Dubuc,  G.  

Ducbosal,  J.  P 

Duclaux,  E 

Dufour,  L.  

Duiardin-BeanmetK,  — . 

Dulong,  J.  

Dumas,  J.  B. 

DuDstaii,  W.  R 

Duponohel,  P.  A.  J. 
Dupont,  — . 
Dmin,  E. 

Durst,  O 

Dutrocbet,  H.    ... 

Duval- Jouve,  J 

Dworzak,  H 

W  T  T 

Ebert,  Gt, 

Ecbangeur,  Saladin's   ... 

Ecockes,  W. 

Egger,  E.  

Egypt,  early  use  of  malt  in 

Egyptian  com  and  mummy  wheat    ...      910,  9U,  1,6j^2,  2M2, 

Ebrhardt,  A.  E.  (printed  flberhardt) 

Einhof,  H. 

Electric  light  in  Maltin^s 

Eleyators  

Elliott,  W 

JilAln|        •  •••  •••  ••• 

w 

Eisner,  F. 

Emmer,  — .         ...        ... 

Emmerling,  A.  ... 

Emken,  F. 

Enoylopeediafl     116, 

Enders,  L. 
Endosperm  of  barley 
Engel,  L. 
Engelmann,  C.   ... 

Engines 

Engler,  — . 
Enzinger,  L.  A.... 
Erdmann,  O.  L.... 

Ergot...  81,  ml' 195,  216,  297,  298,  S57,  j^^,  500,  558,  618,  6J^J, 

76U,  782,  8^6,  855,  950,  995, 1,032, 1,072, 1,0H5, 1,15 

1,2!^,  I,5.i7,  1,575,  1,1,78,  1,^H8,  1,565,  1,56^,  1,57 

1,751,  1,909,  1,981—1,985,  2,006,  2,156,  2,159,  2,19. 

2,2 
Kncurgoon 

EBsellen,  — . 


EHttential  qualities  of  barley 

Estcourt,  C 

xi>Htor,  ^v.  ,,,         ... 

Ether,  action  on  peptones 
Eurotium  Oryzie 


..  436 

..  436 

...  436 

...  436 

...  436 

...  436 

436,  437 

...  437 

...  437 


...         ...  o3o 

...  ...  4<j7 

...  ...    49f 

...  140,  437 

...  ...  4o7 

...  ...  437 

...  ...  4tif 

...  ...  4uO 

...  ...  4  «f  o 

...  ...  4oo 

...  ...  4uO 

...  ...   4oo 

...  ...   4oo 

...  ...    40o 

...      438,  503 

...  ...    4  vO 

...  ...    4o*l 

...  ...    4o" 

...  ...      90«r 

...  ...    \vw 

520 

...  ...    4w9 

...     270—273 

...  ...    fwv 

...  ...   439 

465,  '467,  512,  632 
85,  439 

•  •  •  «  •  •      ^  v*r 

•  »•  ••■     AV« 

260,  273—275 

•  «  •  •  •  •        aOv 

•  I  •  •  •  •        s  V«F 

440 

424 

•  •  ■  « • «        OA 

440 

440 

424,  536,  553,  554 
440 

•  •  •  •  •  •  O  tF 

440 

440 

260,  276—278 

440 

440 

440 

500 

692,  756,       — 

6,    60,  414—552 
G7»  68 

440 

79 

440 

•  • .  ...    419 

...      151,  152 

2,171,  173,  482 


Fabre,  — . 

F*Q8 

Fwootkilii 
Fuskj.'E.' 


FMsbender,  G 141 

F»tt,  TflgoUible I,0i7,  l,mih  l,mS,  106,  107.  U4,  472,  476 

Faalenbroh,  C 441 

Fanlkner,  F,       

Feonlometer        

FeUing.  H.  Yoo  443 

FeUing-B  wlBtion         M,  55J,  140,  U2.  143,  411,  443 

Feltod-malt        342—344,349 

FemMjvnide  of  potasmuiD,  Te-aations  of      152,153 

Fenenille,  H 443 

FBrmont4tion  ...  18,  OS,  85,87,93.  Ill— 139,153, 160,167,170,  US -176,  — 
180, 181,  193.  m,  115,  933,  iSU,  tSO,  25t,  ZTt,  t73,  £79,  — 
iSO,  192—995,  318,  335—341,  3U,  350,  ,W.1,  i'.l,  458,  — 
i59,  i71,  i72.  i76,  J2i,  598,  561ii,  570—67^.  ■■  >,  IW,  — 
598—600,  60i,  6S5,  628,  709,  783—785,  79'.  ,  •  J.  >(7i,  — 
ai5,83-3.S7?.H7-l.  "^'-r  909,913,916,  995.  ■I'n-.  1,016.  — 
1.0SS,  l.nyf..  !.'-■■■.  I  :-.7,  1,165,  1,170,  l.il^,  l.in,  —. 
l,m.  ?..'■-.  ■  ■■  .  ■■  .5,  l,97i,  1,977,  l.iSS,  1.336,  — 
J.S3i,  I,.:.'  i,  1,378,   l,iSO,   l,m.   l,ieS,       — 

l.i3I,  /.-'       '  ■     '6.1,499-1,509,   l,5i3,   l.SSi.       — 

1,563.  !,'■:  .  ,/.  ^,  7.,-.*,  l,7Si,  1,777,  1.791.  1,831,  — 
1, ■-.(;,  l.S.i'i,  Ifi'i-I.  l.uaS,  1,999,9,095— 9,030.  3.035-  — 
_t,ii:r.   ;.!9i.  3.II6,  i.nS,  9,tn,  9,940,  9,S6S.  Z.'W.  41fl-854 

„  see  tisi,  DiBstsne  %aA  Teast. 

Fern  for  mnlt-kUn*       28,31 

FariiliMtirai        889,  1,158, 1.680,  1,978,  i.l9S,  i6i—BiS 

Kcmna,  O.  (misprinted)  443 

Klhol,  — .  443 

FUten      279 

Findlay.0 443 

FmiM      958,  377,  529,  5U,  689,703,  m 

^nifMpg  ^.,  ^^,  ,,,  ^^^ 

Fire-iroiu 

FiahsF,  R.W. 443 

Ktoh,  A 443 

Fittbogm,  J 444 

Fittig.  E 444 

FiU,  A 154,155    ...444 

Fleck,  H 444 

TUmxj.Q 444 

Flinn.J J87 

Flint,  0.  L 444 

FIoatlnK  ooniB 133 

FlSrke,^.  G 444 

FlooriniT 134,  346— 3SS,  349 

Flout  169,  310.  375,  1,917,  1,997,  1.530. 1,794, 1,796,  1,913,  $,078,  9,105,  419-542 
„      adnltorBtioD  of  ...431,  460,  560,  617,  6g7, 1,96S,  1^97,  9,138,  9.199,       — 

a,n5,  43S— fi53 

FlUokiger,  F.  A 446 

Fodder...  613,  719,  1,359,  1,360,  1,369,  9,101,  9,199,  9,133,  9,149,  9,903       — 

—9,905, 9,S99,  U7—BU 

Pontan*,  — 1,440    ...  499 

FoTcmR-tnr      167,279,280 

Ford,  W. ...       163,  268,  2S0,  323,  327,  328,  3S1,  333,  339,  341,  361,  362,  364,  36S, 

S73,  446 

Fordred,  3 171 

Forks  (nult)      313,  314 

Fonrquier  d'Heronel, — 446 

FoiiTcn>7,  A.  F.  de        446 

FowneB,  G 446 

S   S 
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J^  \^^^  tt^^  •••  •■•  ••• 

Franchimont,  — . 
Francke,  G 

■  •  A  A  #  •  •  •  •  •  • 

Frank,  — . 

y  f  \^«  • • •  •  •  • 

Franklandf  C 
Frauenfeld,  G.  v. 

Fr^my,  E. 

Frenon,  R.  V 

Fresenios,  C.  R. 

tt  •  Aw*  •  •  •  •  •  • 

Freund,  A.         

Frey,  A.  ... 

Freyberg,  E 

Friability  of  malt 
FrieSi  L. 
Fritsch,  K. 

Fritzi,  A.  

Fritzsche,  J. 
Fromberg,  P.  F.  H.      ... 

J»  U6X  •••  •••  ••• 

Fdrstenberg,  M. 
Funaro,  A. 
Fungi 

FonKe,  W.         

Furze  in  malt-kilns 

Fusel  oil  

Galland,  N 

Galland's  pneumatic  malting 
„         rotatory        „ 

Galvani,  — 

Gambrinus,  oult  of 
Gandich,  H. 

Gas-engines       

Gaudin,  A. 

Gauging  

Gaultier  de  Qaubry,  H.  F. 

Ganser,  J.  B 

Gatehouse,  J.  W. 
Gkisparin,  — . 
Gaunersdorfer,  J. 
Gazio,  D.  A. 
Gkcmen  kiln' 
Gehlen,  A.  F. 

Geisler,  L  

Oeissler,  E 

Geldem,  H.  van  

Gelatinisation 

Gelatinised  g^rain,  analyses  of 

G«latinisen        

O^lin  

AJI  WAA0|  •  ...  •«•  .«• 

kji  enay ,  x  •  ...         ...         ... 

Geoponius  ... 

Germ,  formation  of,  in  cereals... 

Germain  de  Saint  Pierre,  £.   ... 

German  malting 


•  •  • 

•  •  • 

•  •• 

•  •  • 

•  t  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 


•  •  • 

•  •  • 

•  *  • 


Plage 

•  •       •••       •«•       •■■       •••       ••■       •••  YY^# 

445 

)••  ■••  ••■  •••  •••  •••  •*■        Y  •  V 

!••  •••  ••«  ■••  •••  •••  •■•  sO  A 

•  •  ■••  •««  •••  ••*  ••■  •••       •  aV 

AAfi 

!■•         ■••         ■•»         ■*•         •••         ■••         •••   s  aO 

44A 

•  •  •••  •••  •••  •«•  *••  •*•   A  s  V 

<  m  •  •«•  •••  •••  «••  •••  •*•   Y  xO 

202,  219,  376 

•  •        •«•        ••«        ••■        ■••        ••■      ••w*  VwO 

•  •  ■••  ■••  •«•  ««•  «•■  •••     V  S  V 

446 

>••  ■••  •••  •••  •■•  •«•  •••  *  A9 

•••  ■*•  •••  •••  •••  •••  ••■  s s V 

•  •  •••  ••«  ■••  •••  •««  •••  *  * w 

••  •••  •••  •••  •••  •••  •••  s  » V 

!••      •••      ■••      ••«      •••      •••    O  v\J  ■  OvO 

««         •••         •••         •••         •••         «••         •••A^fl 

<••  •••  ■*•  ■••  •••  •••  •••     *  K  V 

!••  •••  •■•  •••  •••  •••  •••       S  Y  V 

■  »  m  •••  •••  •••  •••  •••  •«•         ■  sw 

...         ...         ...         ...  57,  447,  496 

28,  31,  40—43,  45,  46,  169,  161,  162,  165,  196 

•  fl        •■•       •••       •••       •••       •••        ■•■•*f 

•  •  «••  •••  *!•  «  «   f   f      v^O 

153,  1,377,  l,m,  419,  496,  497 

«•  •■•  •■•  ••■  •••    v«0 

630,  658,  1,036,  1,386,  448—495 

•  •  •••  •••  «••  •••     ^%  f 

246,247,261 

225,246—248 

...  447 
...  6 
...  447 
...  278 
...  447 
289,  m,  972, 1,209,  2,061,  13,  280,  427-640 

•  •       •••       •••       •••       •••       •*•     9sf«^40 

f*       •••       •••      •••       •••       •«•       ■«•  9 » I 

...  447 

...  447 

...  448 

...  448 

209,  210 

...  448 

...  448 

...  448 

168,  65U  168—171,  419»  449 

6'>    1 69 
'>S0 

•  ••  •••  •«•  ••»  •••X«v 

•  ••  •••  •■•  •••  ■••««o 

1,315,  1,633,  2,050,  i9l,  612,  639 

•  ••  •••  •••  •••  •••       *  ■w 

1,186,  2,188,  368,  483,  647 


•  I  • 
■  ff  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  • « 

•  •  ■ 

•  •  • 

•  •  • 


•  •  • 

•  •  • 

•  •  • 


•  •  • 
■  •  • 

«  •  • 


•  •  • 

•  «  ■ 

•  •  • 

«  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 


•  •  • 
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Germination  59,  83,  13If,  151,  205,  301,  303,  362,  389,  390,  1,03,  A19—J^2i,  — 
J^2,  m,  579,  588,  666,  713-'716,  803,  8^1,  87^,  97U,  1,017,  — 
1,07U,  1,075,  1,096,  1,126—1,130,  1,159,  l,2It3,  1,250,  1,271,  — 
1,2H0,  1,300,  1,327—1,332,  1,U70,  1,567,  1,568,  1,599,  1,629,  — 
1,66^,  1,675,  1,687,  1,771,  1,772,  1,775,  1,777,  1,821,  1,957,  — 
1,972,  2,OU'-2,016,  2,104,  2,107,  2,110,  2,112,  2,136,  2,179,      — 

2,192,  37,  86,  319-.358,  407,  413—648 

action  on  albuminoids 147,160 

action  of  heat  on  ...  215,  959,  962, 1,049, 1,160, 1,324, 1,325,      — 

1,743,  2,174,  423-^46 

iodine 300,  666,  i2%,  \^ 

light    ...    330,  387,  665, 1,056,  1,369,  1,449,  1,597,      — 

1,911,  60^-54,  327,  429—630 
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PMfe 

Gennmatioii,  aotion  of  oxygen  199,30^^422,428 

„  expemnents  on  390,  395,  51—54,  341,  342,  433 

G^e^minato^8       1,029,  86,  87,  472 

«v*"ArQ,  A%  JiL*    .«!  ...  .,•  ...  ...  ...  ...  ...  ...  ...    44o 

\7vUDCX,   X*»   v^.        ...  ...  •■•  .1.  ...  ...  ...  ...  ...  .••    %^ V 

Ohejen,  — .  van  den     ...         ...        ...        ...        ...        ...        ...        ...        ...  449 

^3r*mjiui,  \7.  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...   t^v 

Ourhnli    T  4.40 

^^  *^**^^**y  J^»  •••        ■••        •••        •••        •••        •••        •••        •••        •■•        •#•   * » v 

Grilbert,  J.  H,     ...        ...        ...        ...        ...        ...        ...        ...         101,  477,  478 

GilfiH   A  44Q 

^^  &Avn^  K^«  •«•       •••       ••■       •••       •••       •••       •••       •■•       •••       •••       •••  ^  A  V 

GHlffenorantz,  P.  ...        ...        ...        ...        ...        ...        ...        ...        ...  449 

Gillman,  A.W 169,211,449 

\7X*cii£^Ay  A^*  •••         •  9  •  •••         •••         ••■         •••         •••         •••         •••         •••   ^^SF 

y  y      \J»  «••        «••        ••«        •••        ••■        •••        •••        •••        •••        ■••   »{7v 

Girardin,  J.        ...         ...        ...        ...        ...        ...        ...        ...  ...      419,  449 

Gladstone,  W.  £.          ...        ...        ...        ...        ...        ...        ...  ...      615,  616 

Glass  growinff-floors     ...        ...        ...        ...        ...        ...        ...  ...        ...  190 

urlassfora,  v/.  V.  \J.        ...        ...        ...        ...        ...        ...        ...  ...        ...  449 

Glnconicaoid      851     ...  461 

\X^A  UK^MXkUi   •••  ••«  «••  •••  •••  •••  ••■  ••«  •••  •••  aaaX  a  V 

Glucose    ,„n,  13,  52,  t07,  m,  m,  455,  J^69,  517,  631,  907,  1,050, 1,155,       — 

1,886,  1,906,  1,917,  2,190,  142,  143,  410  -  547 
Gluten     ...      158,  222,  230,  231,  290,  433,  8U,  1,316, 1,319,  l,6Uy  2,164,       — 

111,  112,  161,  419—546 
Glyocffin inbeer 20,  75,  218,  334^  439,  700,  4ll~'462 

\2iIUiCXul,  X^.  •••  ...  •••  ...  ...  ...  ...  ...  ...  ...    ^Ov 

uoQfon,  x^m         ..•        •.•        •••        ...        ...        ...        ...        ...        ...        ...  yOv 

\jl  OfJUW*,         M»    .  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...  ir^W 

VirOppOTv,  xjL*  Xv.    ...  ...  ...  ...  ...  ...  ...  ...  ...  ...    40v 

GKissmann,  C.  A.  ...        ...        ...        ...        ...        ...        ...        ...        ...  450 

Gt>liren,  T.  von  ...         ...        ...        ...         ...        ...        ...        ...         ...        ...  450 

\3rw%»  Vv  AU  J    "^^^»  ■••  •••  •«•  »•■  •••  •••  •••  •••  •••  •••  * 

Gk){^>elsrdder,  F.  ...        ...        ...        ...         ...         ...        ...        ...        ...  450 

\jiornHiiii,  V.  ...  ...  ...  ...  ...  ...  ...  ...  ...  ••<  teu V 

\7wXaXw,    JI^w  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...      «w V 

Gonip-Besanez,  E.  von  450 


Gosse 
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yy vw  III  ox^*  •  £  •     •••     •••     •••     •••     •••     •••     •••     •••     •«•     •••  mv  X 

V^ Ol^wUiwKrs    V*  •••  •••  •••  •••  •••  •••  •••  •••  •••  •••      st/ X 

^vOUAncttUf  ^^*  «••  •••  •••  •••  •••  •*•  *••  •••  •••  •■■     « V X 

GkadezB,  see  Screens. 

Grading  grain 320,321,324 

^r jtcL j% V ff  ^"*«  *••  ••«  «••  ••»  •••  •••  ••■  ■••  ■••  •!•    ^i/x 

\jrxcUMM7y  V •  ^r*  ^ •  » •  t  •••  ••■  •••  •••  •••  •••  «••  •••  •••    *(# X 

Graham,  G 344,  349,  369,  371,  374,  383,  451 

■  *  V  •  ■•■  ■••  «••  •••  •••  •••  •••  •••  •«•  •••      W  X 

•  •  ^  •  ••■  *••  •••  •••  •■•  •«•  *••  •••  •••  ■••     YwV 

^jrxCUXa«    *  *  ■  •«•  ■••  *«•  •••  •«•  •••  •••  ••■  •••  •••s|* 

VrXai^Ai    X  JL«    «■•  »••  •••  •••  ••■  •••  •••  «••  •••  •••  •••*!« 

Grain    415,  418,  464,  646,  982,  983,  985, 1,080,  1,081,  1,211,  1,368, 1,380,       — 

1,482,  1,592,  1,680,  1J62,  2,210,  2,300,  36,  257,  435—554 
„     composition  of    183,  450,  516,  842,  844,  845,  1,052, 1,350, 1,366,      — 

1,593, 1,914,  2,120,  2,208,  107,  421-549 
,,      see  also  Barley,  Oats,  &o. 

„      cultivation  of      ...  186,  461,  493,  508,  648,  750,  765,  812,  820,  958,       — 

1,158,  1,203,  1,251,  1,256,  1,454,  1,486, 1,727,       — 
1,728, 1,788,  1,895,  1,963,  2,192,  2,212—2,214,       — 

109,  408,  421—549 
„      diseases  Of  263,  354,  453,  581,  619-621,  645,  770,  869,  1,214,      — 

1,252,  1,267,  1,356,  1,443,  1,445,  1,469,  1,668,  1,715,      — 

1,795,  1,816,  1,824,  1,909,  2,160,  2,198,  426—  548 
„      quaKty  of    ...       1,025,  1,134,  1,534,  1,842,  2,211,  2,289,  2,290,  92, 

96,  320,  472  -  654 
see   also    Insects    hurting    grain,   and    the    several    species   of 
grain. 

Qnm-jnoih.  (OeUchia  eerealella)  93 

Grains  (draff)        24,  860,  945,  946,  975, 1,076, 1,258,  1,619, 1,761, 1,885,      — 

2,273,  411—653 
Granaries  ...        ...        ...        ...        ...        ...        ...        ...        ...      256, 257 

„        see  also  Bins. 
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Qrandeftii,  L< 

Omralose  

G^pe-mgar,  aee  Glacoee. 
urooDy  «i *  A^      ••«        ••• 

Gretton  and  Abbott's  separator 

Griepenkerl,  O*  ... 

Ghiessmayer,  V. 

Gkignon,  experimental  farm  at 

GtxinianX)  £. 

Ghinunery  H. 

VTf ADy    .sL.       ...  ...  «•• 

Gioenlandy  J. 
Gtrosjean,  £L 

Grove,  W.  B 

GtroveSi  H.  J. 
Gtmber,  —'. 
Grmndjr,  — . 
Ghidkow,  — . 
Ghi6rin-Meneyille,  F.  E. 

Ghierin-Varry,  B.  T 

Ghierrapain,  —  ... 
Ghieymaid,  E.    ... 

Goibourt,  N.  J.  B.  G 

Ghiichard,  P. 

GniUaume,  L 

Ghun  (dextrine^ ... 

Gtmning,  J.  W 

Gntteridg^,  tt.  ... 

Gtyergai,  A. 

Grpsnm,  see  Lime  sniphate. 

daarstick,  F.  A.  

Haberlandt,  F.  ... 
Haberroann,  J.  ... 
Sabicb,  G.  C    ... 

Hasselbartb,  P 

Hagpemann,  W.  ... 
Hag^na,  — . 
Hager,  H. 

Hagesius  ab  Hajok,  T. 
Hahnemann,  J.  ... 
xiaieJc,  X.  ...        .•• 

^iaien&6,  ^~~.       ...        •  •  • 
HaUberpTt  C.  S.  ... 
Hallntt,  F.  F. 
Hallier,  £. 

£Lam, «!....        •••        ..• 
Hanamann,  J* 
riandelin,  F.       ...         .•• 
Sansen,  F  C 

f ,         XX*  ..*  •••  ** 

UaroTy  — .  .«•         ••• 

ITarland,  R.  xf.  ... 

Harpe,  J.  J.  C.  de  la 

Harris,  T.  Vv .    ...         ..• 

xiartig,  Xm  •••        ••• 

Hartley,  A. 
Hartsen,  31. 
Harvpy,  F.  X.   ... 

HoBTOlt,  W,  H.  van      

Haner,  ^— .  ••»         ••• 

Havellers 

Hayduclr,  M.      ...        ••• 
Heat        ...        ••• 
,f    regulator  ... 
Heoattruft...        ...        ••• 

Heoke,  "W.  

Heoxei,  F.  •••        ••• 

Heer,  O.  ...        • » •        •  •  • 

Heiden ,  F.  ... 

Heine,  F....        ••* 


... 
... 
... 
... 
... 


W5,  SZi— 


396,  $98, 


llOy  18U, 


» •  •  •  • 


• «  •  « « 


451 

loa 

...      • .  •  4d  1 

...  461 

•  •  •  •  •  •    ^«fo 

•  •  ■  » •  •    ^9^ 

163,  462,  466,  601 
WO,  m,  433,  434 

...  ...    40a 

...  ...    4d^ 

...      462,  463 

...  ...    4vo 

...  ...    4vo 

...  ...  463 

...  ...    49  V 

...  ...       s94 

...  ...    \vv 

...  ...   403 

...  464 

...      464,  603 

...  464 

464 

«  •  «  •  •  •        VV^ 

...      464,  456 

•  •   •  »  •    •  K VW 

67Ify  416,  421,  461 

•  «  •  ■  •  •         ^B^^V 

■  •  •  •  «  •      ^ vv 

610 


•  •  •  •  •  •     ?■  vv 

87,  89,  360,  466 
142—144,  466,  462 
...  466 
...  466 
...  489 
...  466 
...  466 
9,  466 
...  466 
...  466 
...  466 
...  466 
...  456 

4.')6,  457 
...  467 
...  467 
...  457 
...  467 
...  626 
...  438 

136,  457 
...  612 
...  468 
...  458 

110.  493 
...  458 
...  458 
...  462 
...  495 

280.  281 
...  458 
8Uy  ly691,  61—64,  327,  423—616 

291,  380 
...  5 
...  455 
...  458 
3,  66,  459 
...  459 
...  459 


INDEX. 


Tfejurioh,  R.       ... 

Heizizelinaim,  G.  

Heldt,  W 

Hellanicns  

Hellriegel,  H. 

Hemtalboiiiinose,  see  Peptones. 

Henderson,  J. 

Henningfer,  A.   ... 

Henneberg,  W 

Heniyi  N.  £. 

T 

Henslow,  J.  S.   ... 


Heqa,  R« 


Herapatb,  T.  J.  

Jieroerty  v .        ...        •  •  <        •  •  • 

Hermbst&dt,  S.  F. 

Herodotus 

Heron,  J.  ...        ...        ... 

Herrmann,  J.  C. 
Herter,  M. 
Herth,  R. 
Herzfeld,  A. 

Hetm,  — . 

Heubach,  W.     

Heumen,  F.  van  

^lem,  ijr. ...        ...        ...        ... 

Hilgard,  T.  C 

Hilgeri  A. 

Hiliyard,  C 

HinUy,  C. 
Hindenlang^,  G. ... 
Hinds,  W. 
Hirschberg,  A.  ... 
Hlaaiwetz,  H.    ... 
Honig,  — . 
HoffiTiann ,  H. 

y  f  ^Wa  •••  •••  ••• 

Hoffstedt,  R. 
Hofmann,  A.  W. 

•  y  JC  •      V  9      m  9  9  •••  ••• 

•  •  JC    •     *fc«  •••  •••  •«• 

BofmeistOT,  IF.   ... 

rtLiLl/aOWO  ••■  ■••  «••  ••• 

Holdefleifls,  F.    ... 

Holiiinder,  C.  F  

Holzapfel,  J. 
Holzbecker,  H.  ... 
Holzner,  G-. 
HombreSy  G.  d   ... 
Hooper,  £.  G.    ... 

Hooibrenck,  D 

Hope,  T.  G. 

Hoppe-Seyler,  F* 

Hordeio  acid,  see  Acid,  hordeio. 

Horn,  F.  A*       ...         ...        ... 

W 
Homberger,  R. . . . 

Horsford,  £.  N.  

Horsin-Deon,  P.  

Horstmann  (Gonsul) 

xLosaeoB}  J^m       ...        ...        «•. 

■XILOdo  ...  ...  ...  ... 

Houzeau,  A* 

Howe' s  portable  malting 

Howell,  R«         ...        ..>        ••• 
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434,  459 

•  ••  •••  •••       *vv 

••■  ••■  •••               V 

•  ••  •••  •••       *\#  V 

•  ••  •••  •••      vKVv 

•  «•  •••  •••       s  Vw 

•  «•  •••  9  •  m    €9  Xw 

•  ••  av*  •••    sVlw 
•••  •••  •••   « Vv 

•  ••  •■•  •••         A  WW 

■  ••  •••  •••         « wV 

••«  •■•  •••         A WW 

...  61,  460,  461,  533 


461 
461 
461 

..,    113^  114,149,  150,  426 

461 

•  ••  •••  •••  •••I/mA 

•  ••  ••«  •••  •••WX 

140,461,462 

•  ••  •••  •••  •••^WM 

•••  •••  •*•  •••AWM 

•  ••  •••  •••  •••      aOv 

•  ••  •««  •••  •••       *wm 

180,  462 

•  ••  •«•  •••  •••     ^%Jm 

•  •  •  •••  •••  •••  AWM 

•  ••  •••  •••  •••         S  WM 

•  *•  •••  ■••  •••%W^ 
«••  ■••  •••  ■••xU^ 

•  ••  •••  ••■  •••      Tkw« 

•  ••  •••  •••  •••TS  w^ 

•  ••  •••  •••  •■•  A  WAV 

•  ••  •••  •••        X^iS^^~X^4 

«..      462y  463 

■  ••  ••■  •■•  •••      ^K\^  iM 

■  •«  •••  •••  •••X  WW 

•  ••  ■••  •••  ■••         4R  wO 

■  ••  •••  •••  •••?■  WW 

...         ...       152,  463 

275—277 

463,  548 

•  •«  ■••  •••  •■•     YwO 

•  ■•  •••  ••■  •••     « wO 

•  ••  •••  •••  •••9wO 

•  •■  •••  •••  0«7|  4 DO 

•  ••  •••  •••  •••        *  w^ 

•  ••  •••  •••       uq9|  464 

•  ••  ■■•  ••■  •••      fS  w% 

...    ...    ...   1/8,  464 

464,  538 
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...  464 

57,  465 

...  465 

...  465 

...  465 

148,  465 

...  280 

...  465 

245—248 

...  465 
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JuLUXUox  •   ^Ts  ■••  •••  •••  •••  ■••  •••  •■■  ••«  ■•■  •••     909 

juLimcxcAOi  xj*       •■«  ••■  •••  •••  •••  «••  •••  ••«  •■•  ••■  409 

^  A  U^^^Jv|   ^L  •  ••■  •••  •■•  •••  •••  ••■  ••«  •••  ••■  ««•*  V^^^ 

^^LUBvA  I    JLL«  •■■  •«•  •••  •«•  •••  •••  •••  •*•  •••  •■•      *  *" 

JUL^HZililCtt^   ^^  •  •••  •••  •••  ■••  •••  •••  «••  ••«  ■••  ■«*t/Av 

TTmwmftl Iftrw         ...  ...  ...  ...  ...  ...  ...  ...  ...       280,  281 

M  A\Mt^n  HOMrlt  I      tT  •■••  •••  •••  •••  ■••  •••  *«•  ■•■  •«•  •■•       kWV 

Mnsson,  G.,  jiin.  ...         ...         ...         ...         ...         ...         ...         ...      466,  467 

Mutclmuson,  G.  H.        ...         ...         ...         ...         ...         ...         ...         ...         ...  466 

M  A  lAJkAw  Y  •    JL  •    Jl  A  «•••  •■•  •■■  •••  •••  •••  •••  •■•  •••  ••■     ^B^/^K 

Hydriodic  acid,  Bee  Acid,  hydriodio/ 
Hydrochloric  acid,  see  AfAi  hydrochloric. 

Hydrogen  peroxide       2,1^7     ...  646 

Hydrometiy        9^,  95,  99,  100,  971,  416,  469 

Hydropyrum,  see  Bice,  wild. 

'Hygeian  rock  cement    ...        ...        ...        ...        ...        ...        ...        ...         ...  193 

Hygrometry       ...         ...         ...         ...         ...         ...         ...         ...  39,  281 — 283 

Xco...  ...  ...  ...  ...  ...  ...  ...  ...  92,  1,2^7,  2o3,  41o,  486 

Idle  ooms  (See  aIbo  Vitality) 122 

Imperial  malt     ...        ...        ...        ...        ...        ...        ...        ...        ...        ...  1 62 

AiAmUXiBbJ  •      ^L  •  •••  •••  •••  •••  •••  •«•  •••  •••  •••  •••       m^JV 

^^USJLXLIL/y     \i7*  •••  •••  •••  •••  ••■  •••  •••  •••  •••  •••     ^  w  V 

Insects  hurting  grain  ,,.21,  22,  106,  152,  206,  296, 3U2, 36!^,  373,  U17,  J^S6,       — 

U7U,  563,  56U,  671,  676,  729,  71^5,  7^6,  787, 1,0.W,       — 
1,0^0,   1,125,  1,227,  1,356,  1,J^10,  1,W,  1,5:^0,       — 
1,729,  1,870,  1,883,  1,907,  2,162,  2,260,  92,  93,  411—652 
Inyerted  sugar    ...        ...        ...        ...        ...        ...        ...        ...         141,  142,  144 

Invertin 82,  93,  228,  437,  ^38,  1,28^— 1,286,  US,  4U,  iS9 

Iodide,  hydric,  see  Add,  hydriodic. 

,,       mercuropotassio,  action  on  peptone 161 
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Pannentier,  A.  A 501,  502 
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Pasteur,  L 153,417,420,502,539 

PaHteuiisation,  see  Beer,  pasteurisation. 
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Pneumatio  malting,  power  reqnired ook"  of? 

,,        Saladin's  impioyements  iio—i^t 

\\  „        space  reduced  by  ...        Jl?*' o?f 

▼entilatioxi         ^^*     ^*z 

::      ::   working  o*   '"^-ili'i^ 

workinflr  rules ^o»,  ^oo 

Pocklington,  H ^'mkux 
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Poleck,  T ^12 
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Pollini,  C 2}} 
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Poole,  T \\\ 

Pooley,  T.  A \\\ 

Porion,  — 

Porter-malt,  see  Brown  malt. 
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po^Lh'saiis  .:.'  5ii, 5ii,i,^j^;i,^^i;i,w';'^,^A *^m;*ioo, ni. ^li^^tth 
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Private  brewing  taxed  1644 q  nni  o  no''  VKf^ 

Prohibition,  effects  of 2,003,2,00^,52,^ 

Prods        \\\ 
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Propeptones,  see  Peptones.  ^ 
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1351  1353    1383  1,387-1,391,  l,39i,  l,m,  l,!^8-l,m,  - 


409—^50 

Proust,  J.  L Sgj 

Psychrometer      ••         -;  ;-    ^jpif,*  103,*  1*37,  148,  433 

5*y?^  T^ 609,  611 

Puchot,  E.  9QA 

Pumps     OQO 
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Purkynei,  E •           '      ^^y  ^^ j j*  j^^  53   ^^^  ^^g   ^^^ 

Putrefaction       ,»▼»>»» 

PurreiBourgeoU,  O •          ;;  ;;;  J^* 

Rabenhorst,  — ^^7  ^g  72i'i,m,'iZ2,  461.  463,  546 

Racking '        '  t  oko  b.>7 

Radicle  of  wheat,  analysis      • ^^^^^*     '-  **' 

Radicles,  see  Combes.  ..^ 

Rainey,  G ci.j 

Rakowitsch,  — * 

Rameses  XI «i«   r.* 

Raspail,  F.  V 
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J\l  Vw  Vy    \7*  •••  •*•  •••  ■■•  •••  •••  •••  •••  •••  •••  •••t/Xl 

Roasted  malt,  &c 1,052,  1,100,  130,  162—166,  474,  476 

, ,      jiaiiioLero  xm,Cv  ...         ..•         ...         ...         ...         «•■         ...         ..•         ...     lo 

XlOSOlAJX H     ...  ...  ...  ...  ...  ...  ...  ...  ...  ...  £%fjum   ^«/0 

fVvvv,    ^^F  •    ^^tt  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...      w  vO 

Jjkn^ UOmTv,    ^^^ft  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...vXO 

XwODvOTmB,  X.  ...  ...  ...  ...  .«•  .*.  •••  «*•  ..•  ...    ^jtv 

, ,  19.  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...oxo 

, ,  ¥t  .  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...OlO 

,,  W .  Xx.    ...  ...  ...  ...  ...  .«•  .«■  ..»  ...        00«7,  0X9 

xwO Dm,  v^.              ...         ...         ..•  .••  •••  •••  •••  .••  ...  ...oxo 

Robineau-DesToidy,  A.  J.  B.  ...  ...  ...  •..  ...  ...  ...  ...  618 

xcocnarQ,  a,  J?...*         ...         ...  ...  •••  •••  •••  ...  ...  ...oio 

Rochdle  salt      ...        ...        ...  ...  ...  ••■  ...  ...  795  ...  468 

JKOCUCZKy ,  J2f .  V.  ...  ...  ...  ...  ••.  •••  •••  ...  ...  ...vJo 

WYOQfig * leiP,      .   ...        ...        ...        .••        ••*  •»•        *•.        ..•        ...oio 
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Hoebaok,  J. 

Rdstell,  Gr.  

Roniiy  W. 

Rootlets— index  of  care  on  floor 

„        see  also  Combes. 
Bothamsted  experiments 
Bother,  S. 


•  •  • 


•  •  ■ 
■  •  • 

•  •• 

•  •  « 


•  •• 
■  •  • 

•  «  • 

•  «  • 


...  619 
...  519 
...  619 
78,544 
...  348 


•V 


1,111, 1,115,^1,121,  76,  477,  478 

•  ••  •••  •••  ••■  •••V&4r 

•  ••  «••  ••«  ••  •••      vvO 

■  ••  «••  •••      V  A  9^ 

•  ••  •••  ««aVA«P 

•  ••  •••  •••va9 

•  ••  •••  •••    OVa 

•  ••  •••  •••        V  m 9 

•  ••  ■••  ••*OXV 
«••  •••  •••€rX9 

■  ••  ■*•  •••    OX7 


•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 


Rotondi,  £. 
Bousaille,  A. 

^l^^wL^L.  aJ«  •••       •••       •••       •••       ••■ 

Jw(/aO,  £J .»«.       •••       ••■       •■•       ••• 

xiozie^y    .      •••     •••     ••■     ••• 

Aontin,  F. 

Roussio,  Z. 

Rubner,  M. 

Rnspini,  Gr.         ...         ...         ..! 

Rust,  see  Grain,  &c.,  diseases. 

Rye,  ^6,  411,  1*21,  m,  m,  50U,  607,  819, 1,028,  1,039,  1,168,  1,210,       — 

1,379,  l,k7S,  1,649,  1,689,  1,735,  1,797,  1,861,  1,897,  1,991,  2,017,       — 

2,01*9,  2,154,  69,  60,  62,  101,  102,  111,  166,  167,  336,  426—546 
„    analyses,  W,   612,  690,  1,413,  1,632,  1,696,  1,707,  1,820,  1,860,       — 

2,088,  60,  62,  436—447 
„    see  also  Ergot. 

OCUUvf  ^^^m  •••  •••  •••  •••  •••  •••  •••  •••  •••  •«*vA9 

OCMX3f  f  •     ■••  •••  •«•  •••  •••  •••  •••  •••  ■••  ••■  OX«F*  Owv 

Saooharates        ...        ...         ...         ...        ...        ...        ...        ...        ...     141—144 

Saocharometry,...        519, 1,201,  1,273, 1,355, 1,684, 1,916,  2,297—2,299,  441—664 


Saooharomyoes  ... 

flaocharom  v.  malt        

„         see  Sugar,  &c. 
Saons,  J.  ▼• 
omiiiH,  xj.  ...         ...         •••         «•> 

Saohsse,  R. 

Sacks,  saokholdera,  &o 

UCTIfc  W  •••  •••  •■•  ••■ 

Saladin,  see  Pnemnatic  malting. 

Salamon,  A.  Gt.  ... 

Salfield,  A. 

Salicylic  acid,  see  Acid,  salicylic. 

Salkowsky,  <— .  ... 

Salm-Horstmar,  W.  F. 

Salomon,  Fm 

wJvmAw  •••  •••  •••  ••• 

Salyatori,  — • 
Sampling... 
Samuelson,  J» 
Sander, -S. 
Sandn,  G. 
Sandwik,  £. 

Sanson,  — . 
Saskovsky,  — .  ... 

Saussore,  N.  T.  de        

Sawano,  J. 

Scamell,  G. 

Schacbt,  H. 

Schaer,  £. 

Sohiitzler,  J.  B.  ... 

Scnaff ert,  F. 

ocnecie,  *    •  ...  •••  ... 

Scheibler,  C 

Scnenk,  A.  ... 

Sohenk-Banhof,  — 

Sonoven,  H.        ... 

K^CUlfU,  v....  ...  ...  ... 

Schimper,  A.  F.  W 

Sohindler,  F. 

Schisobowtky,  — 

Schizomyoetcs 


•  •  t 

•  •  • 


...  153 
1,919    ...  631 

...      330,  620 

620 

...  103, 620 
...  264—266,  276—277,  293,  294 
39'-43,  1,033,  172,  412 

•  ••  •■•  ••«  •••  •••     VA  w 

•  ••       •••       •••       ••♦       •••  9m\f 

•  ••         •••         •••         •••         •••   VwV 

•  ••  •••  •  •  m  ••«  •••VAX 

106,  608,  621 

...       623,  650,  180,  338,  447,  449 

«••  ••>  ••■  •••  •••    v^X  X 

««•  •«•  •••  •••  M«r^«    AvV 

«••  ••■  •••  •••  •••    vX  X 

•  ••  «••  •••  •••  •••     wX  X 

•  ••  •••  •••  ••«  •••vXX 

•  ••  ■••  •*•  •••  ••«        V  M  X 

•  ••  »••  •••  •••  •••t#XX 

521 
622 

•  ••  •••  •••  •••  •••       V  mtmt 

61,84,85,612,522 

•  •«       •••       •••       •••       •»•«!  V 

«••  •«•  ■•»  ••«  •••   v^  ^  «• 

•  ••  «••  •••  •••  •••  V  ^V 

«••  «••  •••  •••  •••OxO 

•  «•  »••  •»•  •••  »••      wXO 

•  ••  •••  •••  •••  ••«vXO 

•  «•  ••«  •■«  •«•  •••vXi9 

•  ••  •••  ••«  «••  •••     9^^ 

•  «•  •••  •«•  ••■  «••      VmV 

•  «•  •••  •••  •••  •••    vXO 

•  ••  •••  ■••  «••  •••OmO 

•  ••  •«•  •••  •••  •••v^v 

•  ■•  ••«  •••  •••  •«•    vXO 

570,  574,  1 14,  134,  163—166,  414 
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Sohlaohteiidal,  D.  F.  L.... 

Sohleiden,  H.  J 

Sohlemmer,  — .  .«. 
Sohlossbenrer,  J.  H.     ... 
Sohlotthaaber,  A.  F.    ... 
Sohmidt,  A.       

f I  *•  •  . .  •  • • . 

Sohmidi-Mulheim,  A.  ... 
Sohmiedeberg,  — . 
Sflhuedennanii,  G.  H.  E. 

Solmeider,  —     

ff         w.      .  .•        ... 

Sohomburgk,  R. 

Sohonbein,  0.  F. 
Sohonberg^i  A.    ... 
Sohoppfer,  T. 
Schraoer,  J.  G.  G. 
SohrodeTyJ. 
Sohiddt,  M. 
Sohrotor,  J. 
Sohnbert,  S. 

SohiibleTy  — 

Sohutzenbeiver,  P. 

Sohultze,  W,      

SohnlM,  E 

jy  Jk  .  •  •  •  •  • . 

Sdholz-Fleeih,  G. 

Sohnster,  — 

Sohwa]>,  E.  ...        ... 

Sobwaokhofer,  J. 
SobwaxBy  — '.      ...        ... 

I y  m^9  • • •  •  •  • 

^JL«  •  ■  •  •  •  • 

JIL»  •  •  •  •  •  • 

^w«  • » •  •  •  • 

Sdhwarzer,  A.  ... 
Sdhwerin,  — .  y.... 
Bobwippcd,  G 

Sooty  B.     ...  ... 

Soroomii^pB  ...        ... 

BoTBeiDfl     ...  ...         ... 

Seagraye,  O 

Sedgwiok,  J. 

OOOBvUf  V.  ...  ... 

SogpelokOi  T. 

Sofltixiiy  F. 

SeyuBBf  J.  G.  do... 

Sbannoxi,  R. 

Sharpy  TV^. 

pna^T  y  '^^.  ...         ... 

Sboen,  J.  B. 

Sbippingf  BTain  ...        ... 

Sbirrofly  P.         ...        ... 

'<  Sbort-malt " 

SboYols    ... 
Siohol)  J)  ... 

Sioboly  J.  E.       ...        ... 

Bioboiiy  J.  ...        ... 

Siogpnty  T. 
Siowerty  M.        ... 

Simmoxidfl.  P.  Xi.  ... 

SimpooB,  R. 

SinfforS)  \Y. 

Sinistiiiie 

Skalwoity  — *. 

Skunmors. . . 

Slate  gprowing-floon 

Slaoky  H.  J.        ...        ••• 


*  •  a 

•  •  • 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

•  •  • 
■  •  • 

•  «  • 

•  •  • 

•  t  • 


•  •  • 

•  •  ■ 

•  •  • 
t  •  • 

•  •  • 


•  «  • 


•  •  • 
■  •  • 

•  •  • 


•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •• 

•  •  • 

•  •  • 


•  •  • 

•  •  • 

•  •  • 

•  •  • 


•  •  • 

•  •  • 

•  a  • 

•  •  a 


•  ■  • 

•  •  a 

•  •  • 
t  •  • 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

•  •  • 

•  •  • 

•  a  • 


•  •  • 

•  •  a 

•  •  a 
■  •  a 


•  •  • 


a  a  < 

•  •  a 

•  ■  a 
•  •  a 


■  •  • 


«  «  • 


•  •  • 


«  •  • 
a  a  • 

•  •• 

•  a  • 

•  •  a 

•  •  ■ 

•  a  a 


•  •  a 
a  a  • 

•  a  • 

•  •  a 


«  a  • 
•  ■  • 

a  a  ft 
a  a  • 


a  •  • 

a  t  • 

a«  • 

•  a  a 

M  •   9 

•  a  • 


a  a  a 
m  •  9 
•  a  • 
a  a  • 


•  •  a 

•  «  a 

•  ■  a 

•  a  a 


•  •  • 
a  •  • 

•  ■  a 

•  •  • 

•  a  a 

•  a  • 

•  •  • 

•  ft  a 


•  a  a 

•  a  a 
a  •  • 

•  •  • 

•  •  • 


.V.     623,  624 

...      449, 624 

220,  221,  233 

624 

624 

624 

...  624 

162,  624 

106 

624 

.  624 

.  624 

625 

626 

626 

...  626 

...  626 

600,  626 

...  626 

...  625 

...  424 

...  626 

•  «a  •«•  ««a         *^V 

626,  626 

...  76,  323,  476,  626 

626,  627 

...  627 

626,  627 

627 

468 

489 

627 

627 

636 

628 

627 

628 

628 

628 

628 

628 
177 

260,  296—307 

...      210,  628 

628 

628 

628 

628 

...  628 

363,  628 

628 

628 

628 

322 

629 

...  167 

314,  316 

...  411 

...  629 

...  629 

...  629 

166,  629 

...  629 

...  496 

...  ...  ...    0£ij 

...      1,657,106,613 

■  •a  aaa  *  *  •        a  t/O 

313 
188 
629 


•  a  a 

•  •  a 
a  •  • 
aaa 
a  «  a 
aaa 

•  a  a 
aaa 
a  a  • 

•  •  « 
m  •  • 

•  a  • 
aaa 

•  a  a 
aaa 
aaa 

•  •  a 
aaa 
aaa 
aaa 
aaa 
m  •  m 

•  •  a 
aaa 
aaa 
aaa 
a  a  • 
aaa 
aaa 
a  a  • 
aaa 

•  •  # 
a 

•  •  • 

•  •  • 

•  «  • 


a  a  • 
a  a  • 
aaa 
a  a  • 

•  a  a 
aaa 
aaa 
aaa 
a  •  a 

•  •  a 
aaa 

•  •  a 

•  a  • 
■  •  • 


a  a  • 

•  •  9 
aaa 
aaa 
a  a  • 
aaa 

•  a  a 
aaa 

•  a  • 
aaa 

•  a  a 
aaa 
9  %  • 
aaa 

•  •  a 
■  •  • 

•  a  a 

•  4  a 
aaa 

•  «  a 


a  a 


a  a 


•  a 


■  a 


a  •  a 

«  •  • 

•  •  • 

•  •  • 


9  9   9 

•  a  a 
aaa 

•  a  a 


aaa 


9  9  9 

a  a  I 


«  a  a 
aaa 


aaa 


•  a  a 
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Slippen  tor  mailmen 3ttB 

Smith,— 529 

Smith  and  EaatBiigli,  maltBlen'  best  record  Bheeto  629,  631 

Smut,  see  Onun.  &a,,  diseaseB.. 
Snap-malt,  eee  Brown  nwlt. 

SodasalU  813,  8S0,  970.  tfiiS,  151,  152,  180,  U7— 538 

SoU  7S1,  811,  1,111,  1,118,  1,121,  109,  12*,  1S5,  467—478 

Bolly.E 629 

Sommer,  C 63« 

Sonstadt,  E 530 

Sopboolea 6 

Soivuer,  P.         - 530 

Soubeiren,  E 421,530 

Sonthby,  E.  E. 171,  374,  630 

Soihlet,  F 140,143,466,630 

Spai^iera 1,90^,630 

Spaiving  in  oiitem       308,332 

Bpaiiar,J 630 

Speotmm  analTBJs  Id  brswing l,iil,  499 

Spelt        eSO,  61,  62,  451 

apenoer,  9 169,  211,  449 

Spired  gtain.  Bee  Vitality. 
Spininn,  sea  Qenninatioii. 

Sprinkling         ...  301a,  SIS,  StS,  l,«7l,  9,180,  9,287,  16,   IT,  122,  169,  361—366, 

428-654,  631 

Sprinklin^-caoB 266,267 

^n)at«,  see  Combe*. 

Stabilit]',  dependenoe  OD  Eiln-heata 361,366,368 

Staoka      73,  74,  M 

Stammar,  B 424,  418 

Stanlej  Broa' Eiln-tiles  216 

Stanrfeld,— UO 

Starch  ...  11—15,  IT.  V!,  57,  ej.  Iff}— 110,  IS!.,  IPl.  tOO.  SOi.  tOt,  tlO—  — 
S12,  S-2i,  ::n.  :r,-..  .'Kii,  ..■:!.  ,';■■>■,  .'>'f.  :x.i,  i91,  iie,  313,  3t0.  — 
368, i08,  :,..-,.  :::,  :.:.:  .'.';s-.:.!i',  irs, sir, 55i, 555,578, STT,  — 
583— 58i.  VI :.  •■:,■!.  •:\ii.  .,«.  .>:.;.  c,:.;,  mi,  7Hl.7M—7t8,  7S3,      — 

735,  75?,  ;■■.".  ;■'■',  ■-''.   ■'-(,.  ,■.,.■.  iv.  W'7.  OHO.  (136.  965.  968.        — 

989-891.    '  ■..,'■■',■.'■       ',.'■■?.,'■,/,  ■.-'.  ;,,■».        — 

1,257.  /,:  ■   ■  :      .'      I  ■:■■!.-.    .',     ..—        — 


„     aotfoD  of  maltjnf  on 

„    Bee  Iodine,  aolion  on  etardL 

Staadinger,  L.  A <30 

StMd,  P.  224,  3T2,  603 

Steam-bcdien SOS 

Stebler,  0 530 

Stael,  i 330,  339,  346,  362,  384,  389,  391,  393,  396,  530 

Steelinen  of  endoepeim  89,  M 

Stoenbnoh,  0 530 

Staffing  1,313, 1,321. 12—17,  20,  26,  133,  153,  32S— 339,  401,  403,  407,  490,  401,  B31 

„        eiatema  14,  17,  191—194,  368,  S>* 

,,        liquor l.I3t,  I,18t.  1,009.  1,070,  S.ffH       — 

48,  49,  133,  134,  177-182,  330,  331,  336,  404,  479,  483,  540 

iK 190—182,  329,  389 

101,  136,  136,  138,  178,  631 

373,  389,  393,  476,  531,  632 

631 

631 


Stenvldn,  — . 
Step?.  J.  ... 
Bteniberff,  K. 
8tmrMt,>.  U 
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Ouoinilly  ~^«  •••  •••  •••  ••>  •••  •••  •••  ••>  •••  ..•    Oo£ 

Stohmaim,  f.      ...         ...         ...         ...         ...         ...         ...         ...         ...      479}  632 

OvC/XOBy   JJ m  •••  •••  ••«  •••  ••«  «••  •••  ••■  •••  •••     Ovm 

Stone  growing-floors    ...        ...        ...        ...        ...        ...        ...        ...        ...  189 

'  Stopes,  H.  ...  61—54,  192—194,  199,  200,  241,  272,  307,  312,  316,  372,  373,  386, 

386,  632,  633,  608,  614 
Storage,  see  Barley,  Beer,  Malt,  &o. 

19 Ift^  vv  •••         •••         ■••         •••         •••         «••         ■••         •••         •••         ••«         •••       O 

l^faacvKM/  •••  •••  •••  •••  •••  •••  •••  •••  •••  •■•  •«■  V 

Straw       ...  fd,  73i,  1,063,  l,m,  1,575,  t,lli3,  t,llt8,  iS,2g8,  t,25J^,  28,  31,  40,  46, 

61,  76,  602—663 

DUwDoX*  ^^"**  ••■  •••  ■••  •••  •••  •  •  m  ••«  •••  ••>  ■••     c/O V 

Stnckland,  £L  £.  ...         ...         ...         ...         ...         ...         ...         ...         ...  633 

i3 Uron«7 V er ,  s m      ...         ...         ...         ...         ...         ...         •>.         ...         ...         ...  oo^ 

l^ll&U  T  w,    AA«  ...  ...  ...  ...  ...  ...  ...  ...  ...  ...      vO  s 

Stobbomnesa      ...        ...        ...        ...        ...        ...        ...        ...        ...     5^,  442 

Sttiroke,  H.         49,  146,  147,  181,  182,  334,  418 

Stompi,  Jkl.         ...         ...         ...         ...         ...         ...         ...         ...         ...        61,  634 

Sugar  ..:  93,  52^,  531,  535,  555,  674,  705,  7J^,  919,  1,489,  1,556,  l,8i7,       — 

1,888,  g,054,  9,258,  139—144,  416—662 
„         see  also  Glucose,  LBeynlose,  and  Maltose. 

■9  vIahsv*  I   ^f^p  •••  •«•  •••  •••  ■••  •••  •••  •••  •••  •••!/  0% 

Snlphatee      ...      U2,  555, 1,034, 1,073,  1,639,  1,847,  142,  143,  161,  162,  417—626 

,,         see  also  Acid,  solphnrio,  and  lime,  sulphate, 

puipmir   ...        ...        ...        ...        ...        ...        ...        ...  ...        ...   oD,  40,  91 

Sulphuric  add,  see  Add,  sulphuric. 

Sweating...        ...        ...        ...        ...        ...        ...        ...  ...   28,  90,  321 — 323 

„         see  Barlej-sweating. 

Swiss  Lake  Dwellings ^0^,3,64,66,469 

fj  TT  M^^*^'***i^p^  •••  •••  •••  •••  •••  •••  •••  ••■  ••■  •••Xlt 

w^JfMMMlOm     V  •     ^^*  •••  •«•  •••  ■•*  «••  •••  •••  •••  •••  •••       VO  s 

13 IT lUVUB I      WW  •    M A«  •••  •••  •  •  m  •••  ••«  •••  •■•  •••  •*■  •■•     C#Ov 

JL  cKSl  v«l0         •*•  ■••  ■••  •••  •■•  •••  •••  •••  •••  •••  •••  V 

'   JL  cUU^JUU  I    ^^VX«  •••  •••  •••  «•■  •••  •••  •••  •••  ■••  •••Ofw 

^cUNtUOa  ■    A  Ha  ■••  •••  •••  ••«  •••  •••  ••■  •••  •»•  I  v^    f/v  s 

Tannic  add,  see  Add,  tannic. 

jLanrsb,  kj»  ...         •>.         ...         ...         ••«         ...         •••         ...         ...      oo^,  ovo 

Tar,  uses  in  malting     990,296    ...  428 

Tartrates,  action  on  yeast        795    ...  468 

^  sloS&GX'  If  tt    X  •  •••  ■••  •••  •••  •••  •••  •••  St*  •••  •••(/  O  V 

JL cvVOa    vT*      ••«  ••«  ••«  ••«  •••  ••«  ••«  •••  •••  ••«  •••     vOV 

Taxation,  see  Beer-duty,  Malt-duty,  &c. 

^tty^iviTi  wj^  •••  ••*  •••  •••  ••«  •••  •••  •••  •«•  •••   c#ov 

"W  IL  60 

Temperatures,  m,  504,  747,  "l, 955 i'llZ,  HO,  164,  167 -166,*  1*80,  181,  233—243, 

308  -313,  329,  330,  337—360, 362-370,  373—391,  420-633,  629,  631 

«L  VUiVwUAy    ^jr»  •«•  ••«  ■••  •••  ••■  •••  •  •  •  •  •  w  •••  ■•■vAX 

«L  OSBLOk  •    A  A»    ^f^p  •••  •••  •••  •••  •••  ■••  •■•  «••  •••  ««al/tJ|/ 

Testing  g^rain,  &o.,  see  Grain,  &c.,  qualities. 

JL  aUHtk"*  ^^»  •••       •*•       •••       •••       •••       •■•       •■•       ■••       •••       •••       •«•(/  O  V 

Thausinf?,  J.  E. ...  60,  91,  99,  106,  161,  243,  331,  333,  334,  389,  392,  610,  636 

^ UiBlXwft   JCv»  •••  •••  •••  •«•  •••  •••  •••  •■•  ••■  •••     t/Ow 

JL  QoO^/XlfcUf  vUJB         •••  •»•  •«•  •••  ••■  •••  •••  «••  ••«  •••  V 

Thermometers  (see  also  Temperatures)        1,155,  308—313,  349,  379,  480 

Thomann,  G.      ...        ...        ...        ...        ...        ...        ...        ...        ...        ...  636 

JL  Aav1U0«    ^^^«  •••  •••  •••  •••  •••  •••  •••  ••■  •••  •••      V  w  w 

JL  AA!mU0mX«     «L  •  •■•  •••  •••  •«•  ••«  •••  •••  •••  «••  •••vOw 

Thomson,  B.D 100,108,136,146,178,636 

„         T.         96,  100,  108,  136,  146,  178,  333,  339,  340,  389,  394,  396,  464,  636 

>      •••  •■•  •••  •••  •••  •••  ••■  •••  •••  •••   t/wV 

^XEaWaI*  V  ■  ^^9  •••      •••      •••      •••      •••      •••      •••      ••>      •«•      •«■  wv  f 

JLm.%JLj  f    \J»    JXL*  •••  *••  •■•  •••  •••  «••  •«•  «••  •••  •••(/V4 

"    XiB^iioiiiy  p.  Y.   •••         .••         •••         .••         ..«         •.•         ...         •••         •••      o20f  537 

^ aO vBGuOAVy  "*'^«       •••  •••  •••  •••  ••■  •••  •••  •••  «*•  ••■    vO f 

^  JJDvS*    ^^»      •«•  •••  •••  ••■  •••  •  9  •  9  •  m  «ta  •«•  «••  •••       C/O  f 

Tin  chloride,  action  on  starch  and  sugar      141,1,539,606 

ui iwiiiann ,  ti.  ax. ...        ...        ...        ...        ...        ...        ...        ...        ...        ...  oot 

Tiaard,  W.  L 166,389,637 

JL  O0OX6ia   B  Km  111        •««  •••  •••  •••  •••  ••>  ••■  •«•  •■•  •••^^Xw 

^  m&"jU  •    ^Lfa  «••  ■••  •••  •••  •••  •••  •••  •••  •••  •••       OVV 

tt2 
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Tollens,  B. 

•  •  a 

•  •  • 

a  a  a 

a  •  a 

•  a  • 

•  •  a 

a  a  a 

106,  608,  6SS 

Tomkins'  kiln    ... 

•  •  • 

•  •  m 

a  a  a 

•  •  m 

•  9  • 

a  a  a 

a  •  • 

44,  203,  204 

Tools  Qfled  in  malting 
Trage,  £. 

•  •  * 

a  •  a 

a  a  • 

a  a  a 

am9 

•  a  a 

•  a* 

...     263—318 

•  •  • 

•  •  a 

a  •  • 

a  a  • 

aa  a 

a  a  a 

•  a  a 

...            ...    Ooo 

Tranbe,  M. 

•  ■  ■ 

•  •  • 

•  a  a 

a  a  • 

•  «  a 

aa  a 

a«  a 

...      603,  638 

Tr6cnl,  A. 

•  ■  • 

a  •  a 

a  •  a 

•  •  • 

a  a  a 

a  a  a 

•  a  a 

603,  638,  639 

Treviranus,  L.  G. 

a  •  • 

a  a  a 

a  a  a 

a  a  a 

a  a  a 

•  a  a 

aa* 

...         ...  639 

Tiieber,  — . 

•  a  • 

a  a  • 

a  a  • 

a  a  • 

aa  a 

•  mm 

a  a  • 

...           ...   4<}o 

Trinins,  C.  B.     ... 

•  ■  a 

a  a  • 

a  a  a 

•  •  a 

a  a  • 

a  a  • 

a  •  a 

...      613,  639 

Tnppy  0.  H.       ... 

%•  0 

•  a  a 

•  9  • 

•  a  a 

•  a  • 

a  a  a 

a  a  a 

...      639,  640 

Tritiaine  ... 

•  •  • 

•  •  a 

a  a  • 

a  a  a 

a  a  a 

•  a  a 

•  mm 

1,657     ...  613 

^^ommoTf  ^— . 

•  •  • 

•  ■  a 

•  a  • 

•  a  a 

a  •  a 

•  •  a 

a  a  a 

640 

Troflohke,  — . 

•  •  a 

•  •  a 

•  9  • 

a  a  a 

aa  a 

•  a  a 

a  a  a 

...             ...    4*A 

Trongbs  for  carrying  mem. 
IVayoB,  pnemnatic  malting 

malt 

at 

•  •  • 

a  •  a 

a  a  • 
a  •  a 

•  •  • 

•  mm 

"i,06i]'m. 

...  266,  266 
227-231,  633 

ju^on,  T. 

•  ■  a 

a  a  a 

a  a  a 

a  a  a 

a  aa 

a  a  a 

...10,  19,  640 

a  a  a 

•  a  a 

aa* 

•  •  • 

a  a  • 

a  a  a 

...              ...    wW 

a  a  a 

a  a  • 

at* 

•  a  • 

a  a  • 

a  a  a 

...  276 

Tambnll,  W.  W. 

a  •  • 

•  a  a 

•  •  a 

a  a  a 

•  a  • 

a  a  a 

...             ...    OvU 

TamerB   ... 

a  a  a 

aa  • 

a  a  a 

a  a  a 

aa  a 

220, 

221,  313—316 

Taming,  see  (termination  and  ELilnmgr. 

Tweed,  E.  J.      ... 

•  •  • 

a  •  a 

•  a  a 

aa  • 

a  a  a 

a  a  a 

...             ...    OHv 

TyndaU,  — . 

•  •  • 

•  a  a 

•  a  a 

•  a  a 

«  a  a 

•  a  • 

...      899,  400 

Trroeine  ... 
Uliler,  J.  R. 

•  •  a 

a  a  a 

a  •  a 

•  a  a 

•  •  • 

•  •  • 

li9     ...  417 

a  a  a 

a  a  a 

a  a  a 

aa* 

a  •  • 

...  116 

IJllik,  F. 

•  •  • 

a  a  a 

a  •  a 

•  a  • 

m  •  • 

a  •  a 

146,  180,  640 

Ulpian     

Urban,  A. 

•  •  • 

a  a  a 

aa  a 

a  a  a 

•  •  • 

a  a  a 

a  a  a                        a  a  •                  V 

•  a  • 

•  a  • 

m  •  m 

mm  m 

a  a  a 

640 

Ure,  Dr 

a  a  a 

a  «  a 

•  mm 

a  a  a 

aa  a 

...         ...  33S 

Usher,  R. 

«  •  « 

•  •  m 

•  a  a 

a  •  • 

•  •  a 

...             ...    04 A 

Valentin,  W.G.... 

•  •  a 

•  •  a 

•  mm 

a  a  a 

•  •  • 

...             ...    O^X 

Valentine,  B. 

a  •  a 

a*  a 

aa  a 

a  a  a 

a  a  a 

...                              ...                      V 

Valves      

•  •  • 

•  a  « 

*•  a 

•  a  • 

a  •  • 

...      194,  816 

VanGelder,  P.  ... 

a  a  a 

a  a  a 

•  a  • 

•  a  a 

a  a  a 

270,  303,  304 

Vandin,  — . 

m  »  • 

a  a  a 

•  mm 

a  a  • 

a  a  a 

...             ...    04X 

Vanquelin,  L.  N. 

Vaux,  F 

Velten,  — . 

•  9  % 

a  a  a 

a  •  • 

•  a  a 

a  a  a 

...      446,  641 

a  a  a                       a  a  a           48 

aaa                         a*a       V|& 

a  •  • 
a  a  a 

•  •  • 

a  a  • 

aa  a 

a  a  a 

a  a  • 

a  a  a 

•  a  a 

a  a  a 

Ventilation  in  malting  (see  also  Air),  36—39, 196—211,  237—248,332,339—379,  407 

Vennin,  damages  to  com  ...  ...  ...        ...  ...  ...  ...  92,  93 

*  AAAw  y     VjTa       •••                       saa                       aaa  aa*  aaa  •  •  m                      aaa  •  •  m  mm*  aaa  m  •  •      V^  A 

Vincent,  F.  G.    ...        ...  ...  ...  ...        ...  ...  ...  ...  61, 64 

▼  UIO,    ^^.    \Jt    J^»       ...                   ...  ...  ...  ...                   ...  ...  ...  ...  a..     0«& 

*  aUwO,    U.     I  ^  ♦                *•.                  ...  ...  ...  ...                  ...  ...  ...  «..  ...     V  *  & 

Vintsohflan,  M.  di         ...  ...  ...  ...  ...  ...  ...  ...  ...  641 

*  AAw  V  |VaV»          •••         •••  aaa  aaa  aaa  aa*  aaa  aaa  aaa  «aa   t/s  A 

*  ^^^$^^       via         ••■         •••  aaa  aaa  •••  aaa  aaa  aaa  •  •  •  •  m  m               9 

*  AvCbAJf  ^J  m                                   •••          aaa  •••  m  •  m  aaa  aaa  aaa  aaa  aaa  a**   4f«  A 

VitaUty     ...     U18,  W,  kSJ,  656, 1,0^9,  1,102,  1,315,  1,339,  1,565,  1,775,       — 

l,8It2, 1,9J^,  1,965,  84—89,  436—633 
Volcker,  A 62,  641,  642 

V  OUQIOa  I     V/a                        •«•                       aaa  aaa  ••  •  aaa  aaa  aaa  «••  a^a  ^4vy     mf%% 

▼  "JjtJlj              a                             •••                     aaa  at*  aaa  aaa  aaa  •••  aaa  aa*  •  wm      %A^ 

y  f               ^3^  a                                    m  •  •                        m  •  •  •  •  •  aaa  aaa  aaa  •  •  •  aaa  •mm  W^tt     Ww 

f  f              AA  •                               •••                       a**  aaa  aaa  aaa  aaa  mm  •  aaa  aaa  aa*      VaV 

y  y                A  Jl  a     ^\  av*                                       aaa  aa*  aaa  aaa  aa*  aa*  aaa  m  »  •  aa*       €WV 

^  y               mE  *                               aa*                       •••  aaa  aaa  aaa  aa*  aa*  a-  m  •  •  *••      WO 

If               X*                                   •*•                      *••  0*«  *a*  ••*  ••»  •••  •*•  a**  ••«      9m% 

▼  VAlly        A1*                                     at!                         aa*  aa*  •  •  •  *a*  aa*  •*•  •*•  aa*  a**       V^O 

▼  ^^1 M  wy     A    *                                     •••                         •••  •••  •••  •  •  m  ••■  aaa  vaa  caa  •••       v7Y  V 

vT  al^rAaUMl      AA.*           a«a                         ••>  •••  a*a  aaa  aaa  aaa  •••  •••  aa*       VvV 

Wt   flMCAlQJT  I      AA  a                     •••                       •••  aaa  ■••  aaa  aa*  aaa  aaa  aaa  •«•      Vk  « 

•  *                   IP   a     l9a             •••                         aaa  aaa  •  •  •  aa*  *a*  **•  aaa  aaa  •*•      WT« 

**                   ^Sm      V*           ata                        aaa  •«•  ata  **a  aaa  aa*  aaa  aaa  *••       Wv 

I  a                   A^a                        aaa                         aaa  aaa  ^  m  m  aaa  ***  aa*  aa*  aaa  f  ^9    W«^ 

R644 

^  ^                              •                   aca                       aaa  aaa  aaa  a*«  **a  aaa  aaa  aaa  *a«      •  ■  • 

tT  BH9y    JC  ••«•                         Kaa                         aaa  aaa  a*a  aaa  aaa  aa*  a«*  aaa  •••       w»  H 

TT  BtUJMJvy      A\*     A9*         •••                        aaa  a«a  aaa  aaa  aaa  m  •  •  aaa  m  m  •  a*«       V«  « 

•  f                          TT    *                     ata                         aaa  a«a  •  m  m  aaa  aa*  aaa  aaa  aaa  aa*       V «  v 

VT  IU2y     Va      •••                         aaa                         a«a  aaa  «     aaa  *a*  a**  •**  *«a  •••  **«       Ir  »■ 
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TV  «HUU>VU|  v ■   ^ap  •••  ••«  •••  •••  «•«  •••  ••■  «•«  ••■  •••    O «4 

Wamiigtoiiy  B. ...         ...         ..*        ...         ...        ...        ...         ...         ...      478,  544 

Water      ^f,  ^ii»  86,  262,  327,  405,  448,  469 

„      brewing,  155,  25Ut  SH,  574,  525,  53Ut  652,  1,018,  1M7,  1,086,       — 
1,181,  1,182,  1,551,  1,458,  1,551,  1,9Q2,  2,005,  2,015,       — 

2,217,  2,225,  419—649 
Watering- caxiB 266,  267 

Vt  Amw*  wAOOls      ...  ...  ...  ...  ...  ...  ...  ...  ...  ...^/O 

TT  ttUUXls,    \7.  ...  a..  •«.  ...  ...  ...  ...  ...  ...  ...     tr  «0 

lYay,  v.  J..  ...         ...         ...         ...         ...         ...         ...         ...  108,  109,  646 

Wayffood,  K.,  &  Go 276—277,292,293 

Weatber  for  brewing 1,088    ...  476 

WW  wUU*  •  Jl^«         »•«       •••       •••       •••       •••       •••       •••       •*•       *••       •••  t/tO 

Weevil     206,  296, 1,540,  92,  422,  428,  436,  606 

WW  tSal  lima  I    V  m  •••  •••  ••■  •••  •••  •••  •••  •••  •••  •■•     v40 

Weiglung-madhinee     316,  317 

Weight 1,554,  18,  96,  97,  130,  262,  396,  606 

WW  fpKU J   J2i«  «••  ■••  ••*  •••  •••  ••■  ■••  •»•  •••  •••  •••     v40 

Weingikriuer,  — .  ...        ...        ...        ...        ...        ...        ...        ...        ...  646 

Weiflke •Proakan,  H.     ...        ...        ...        ...        ...        ...        ...        ...        ...  646 

Tw  ^Ub0«  ^*«  V*      •••       *••       •■•       •••       •••       •••       «••       •••       ••«       •••  Vm  I 

f  y     JBl«  •••       •••       •••       •••       ••«       ■••       ■••       ••>       •••       •••       •••  v^  V 

Weias  bier,  Qreen  malt  for     282,^59,427 

vT eioBeuDOZU,  v/.  \7c  ...  ...  ...  ...  ...  ...  ...  ...  ...    04O 

, ,  TT  .  ...  ...  ...  ...  ...  ...  ...  ...  ...      t/4v 

iVellB,  Kiln  at    ...        ...        ...        ...         ...        ...         ...        ...         ...      377,  378 

Wenderoth,  G.  W.  F 646 

TT  t1fl«OAXy      tT  aX»««*  ••«  *•■  •••  •••  ■••  •««  •••  •»•  ••«      040 

TT  SntOTy    X*  •••  •••  «■•  ••«  •■•  •••  •••  •••  •••  OyO|    040 

TT  ferillOlly    ^^m  •«•  ••«  ••«  •••  •••  •••  •>•  •••  ■••  •••      vVw 

WdBtmniby  J.  f .  .«•        •••         .,»        ».•        •••        «.«        ••«         ..•         •«»  546 

TT  vBIwXa1.Vi1X I   ^%*      •••  ■■•  •••  «••  •••  •«•  •••  •••  •••  •«• 

TT  l3BvTTOOOa    W  •    V^  •  •••  ■•«  •••  •••  •••  •••  •••  •••  •••      O^O 

WW  ^j^y    ^ •«••       •••       ••■       •••       ••■       ••«       •••       ••«       •«•       •»•       •••  04w 

TT   XmJOlTy     ^^»  *«■  •••  •••  •■•  •••  •••  •••  •••  •••  •••      tJ^O 

Wheat  34,  55,  56,  75,  105,  258,  276,  416,  597,  658,  659,  654,  660,  717,  — 
718,  750,  861,  865,  888,  910,  924,  941,  947. 1,007, 1,025,  1,079,  — 
1,202, 1,207, 1,290—1,295, 1,521, 1,461, 1,479, 1,557, 1,547, 1^579,  — 
1,651—1,655, 1,678, 1,752, 1,884, 1,892, 1,942, 2,048, 2,085, 2,228,       — 

60,  61,  411-660 
„  oompositlon  1,  7,  27,  66-68,  250,  251,  511,  521,  526,  527,  481,  — 
590,  604,  612,  622,  690,  752,  809, 829—851, 947, 950,  994,  1,065,  — 
1,099,  1,113,  1,119,  1,225,  1,268,  1,505,  1,517,  1,518,  1,320,  — 
1,541,  1,566,  1,575,  1,610,  1,614,  1,623,  1,678,  1,679,  1,692,  — 
1,694,  1,695,  1,701,  1,702,  1,714,  1,822,  1,858,  1,859,  1,880,  — 
1,971,  1,989,  2,116,  2,117,  2,143,  2,209,  2,228,  2,254,  61,  63,  101,  102, 

111,  409—662 

„      cultivation   31,  69,  70,  259,  516,  555,  561,  400,  405,  451,  568, 587,       — 

655,  655,  668,  731,  808,  809,  953,  970,  1,106,  1,107,  1,111,       — 

1,114^1,116,  1,120,  1,122,  1,210,  1,280,  1,475, 1,577—1,585,       — 

1,713,  1,714,  1,756,  1,877,  1,896,  1,991,  2,092,  2,095,  2,096,       — 

2,097,  2,099,  2,100,  2,102,  2,259,  78,  411—662 

„      diaeaaes  28,  29,  54,  72,  159,  177,  305,  309,  388,  391,  507,  586,       — 

621,  641,  677,  826,  833—835,  879,  988,  992, 1,007, 1,073, 1,077,       — 

1,440, 1,766,  1,767,  1,800,  1,938,  1,998,  2,232,  2,236,  2,255,  411—662 

„      insects  horting   21,  22,  106,  206,  296,  307,  362,  436,  671,  676,       -^ 

729,  746, 787,  836,  837, 911,  926,  987, 1,040, 1,226, 1,227, 1,410,       — 

1,540,  1,723, 1,883, 1,907,  2,260,  411-662 

„      malt     ...        1,049,  1,691, 1,776,  8,  10,  29,  63,  166,  166,  336,  474,  516,  522 

Wheelwright  kiln         i08 

TT  Ow^WeU,    \jtt  ...  ...  ...  aa.  ...  ...  ...  ...  ...  ...      V%W 

TT    111  WO,     J2<.     O.  ...  a a.  aa.  a a.  ...  ...  ...  ...  ...  •.»       O^" 

TT  fine     lllftlw  ...  ...  ...  ...  a..  ...  ...  ...  ...  ...X|A 

W ni tetirooK,  vt....        .a.        ...        ...        ...        ...        ...        ...        ...        ...  o4o 

TT Djrmpm",  ^1.     ...  ...  ...  ...  ...  ...  .••  ...  ...  ...   04v 

TT  10JE8,     TT  .  ...  ...  ...  ...  a*.  .*•  ...  .••  ...  ...     0%0 

Wiokham|/W.  ...  ...  ...  ...  ...  ...  ...  ...  ...  646 

TT  iflBneir,  f.  ...  ...  ...  ..•  ...  ...  ...  •••  ...         ...  v^  o 

^^  ,,         J. ...  ...  ...  ...  ...  ...  ..*  •••  Ow,  ouO,  o47 

Wignflfy  Q,  W.  ...  ...  ...  ...  ...  ...  ...  ...  69|  62,  136j  647 
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MALT  AKD  MALTINa. 


Wipiey,  G.  A. 

Wild,  G 

Wildt,  E.  

Wiley,  H.  W.     

Wilkiiw,  J.  ...         .... 

WilkJTuoxi,  Sir  J.  G.     ... 

^r  illy  XX.  ...  ...  ... 

Willebrand,  F.  V. 
William  of  Mahneebiuy 

Williams,  J 

Williamfon,  A.  W. 
Wilcon,  A.  S 

, ,  J  li .  JKL.      ...  .  *  # 

WimmcT,  G.  F.  ... 

Winter,  G 

Witlieiing  

Wittmack,  — 

Witt's  automatic  meaaorer 
Wittstein,  G.  G.... 


389,  647 

...      *. .  v^  § 

647 

>  •  V  •  •  •  •  •    V  »  1 

•  •  •     •••  v^O 

I  «         •  •  •         •  •  •       • 

...   460,  548 

7 

494 

...     ...  04o 

...    ...  u4o 

548 

•  •  •     •  •  •  048 

356—358,  360,  389 

..     ...     ...  04o 

. .     ...     ...  ^od 

...      •••  O4o 


Woboxn  experimental  fann,  9,09^^  e,09S,  £,095,  g,097,  9,099,  2,100,  2,102, 77,  542 


Wolf,  W.... 
Wolff,  E.  V. 

WolffenateiD,  O 

Wollny,  E.  (not  Woolny) 

^Tonfor,  J. 

Wood  in  malt-kiln  fires 

Wood,  W.  H 

Woodman,  W 

Workmen,  numbers  needed 
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•  ••  •••  ••»  •••  •••  X4  V|   ^  sO 
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549 

•  ••         «••         •••         •••         ■••         •■•   Vr  *lr 

•  ••         vaa         •>•         •••         •••        Cr  w^  t/^9 

AftA 

28V  31,  i^f  43,  4#,  159^161,  162,  165,  189 

54d 

»••        •••        •••        •••        ■••        •••   V#x  V 

•  ••  •••  •••  •••  •■•  •••    C/  <K«y 
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Wort  ...100,  287,  521,  539,  561,  780,  996,  1,012,  1,019,  1,019, 1,159,  i]w       — 

l,lJlt2,  1,194,  1,935,  2,071,  2,058,  2,165,  2,221,  2,225,  2,293,  415—554 

«T  aX^EXvj    XX»   JCj»      •••  •••  •••  •••  ••«  •••  «••  •■•  ■••  •••     v^9 

WW  aAKXmHJDf   v«         •••  •■•  •••  •••  »••  •«•  •••  ■••  «••  ••*    vT«f 

WW  UfBvA  f    f  •  ••«  •••  •••  •••  •••  ■••  ••«  •••  •••  •••     4/ «*f 

■r- ii  ^*'Jr ^*' ***  »••         ••#         •••         •»•         •••         ••«         •••         •«•         •••         •••       V 

Yeast  60^62,  82,  8Jf,  92,  115—118,  121,  126,  129,  132, 136,  166,  2U,  235,  — 

239,  2It5,  2U9,  251,  275,  282,  285,  3Uh  U09—UU,  /f37,  438,  477,  — 

530,  541,  633,  697,  698,  720,  742,  766—769,  772—774,  793—798,  — 

801,  813,  832,  853,  856,  858,  867,  868,  870,  899,  901,  915,  927,  928,  — 

937,  949,  1,043,  1,058,  1,062,  1,070,  1,143,  1,148,  1,151,   1,198,  — 

1,216,  1,274—1,276,  1,279,  1,283,  1,295, 1,310, 1,335,  1,336, 1,364,  — 

1,419,  1,456,  1,521, 1,526,  1,527,  1,542,  1,685,  1,734,  1,805,  1,810,  — 

1,818,  1,825,  1,829,  1,832,  1,833,  1,930,  1,969,  1,977,  2,008,  2,027  — 

—2,029,  2,035—2,047,  2,081,  2,089,  2,111,   2,144,  2,158,  2,161,  — 

2,178,  113,  368,  370,  392,  413—547 

•  ••  ■••  ••«  ••■  •••      Vs«F 


Yerburgh,  H.  B. 
Ycrath,  H.  D.   ... 
Yoshida,  H. 
Zapolsky,  N. 

Zealine    

Zenneck,  L.  H. ... 

Zenoni,  £. 

Zevrani,  G.  V.    ... 

Zinc,  action  on  vegetation  and  starch 

Ziaania,  see  Rice,  wild. 

Zmerzlikar,  F.    ... 

Zoebl,  A. 

Zolla,  D 

ZoUer,  P. 

Zorn,  J.   ...        ... 

Zulkowsky,  0.    ... 


•  ••                        •••                        •••  •••       Vww 

•  ••                   «••                   •••  •••      V  vv 

•  ••             •••              ••«  •••    OOw 
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ADVERTISEMENTS. 


Gafton'sPatent^eai&BrewingSugars. 

CARTON,  HILL  AND  CO., 

SOLE    LICENSEES   AND    MANUFACTURERS. 


The  Inverted  Sugar  known  as  "  SACCHARUM,"  and  first  intro- 
duced to  the  Brewing  Trade  in  1 86 1,  is  now  styled 

CARTON'S  UEVO-SAGGHARUM 

Although,  in  the  year  1880,  GARTON,  HILL  &  CO.  adopted  a 
new  phrase  as  more  exactly  descriptive  of  this  special  manu&cture, 
they  IN  NO  WAY  ALTERED  ITS  ORIGINAL  MODE  OF 
PREPARATION.  The  compound  word  "  Laevo-Saccharum " 
defines  with  precision  their  Inverted  Sugar  or  Saccharum,  which 
has  a  laevo-rotatory  power. 

They  found  it  necessary  to  specifically  name  the  Preparation, 
because  many  Sugar  makers  and  dealers  had  at  various  times  used 
the  word  "  SACCHARUM  "  to  fecilitate  the  sale  of  inferior  and 
widely-differing  substances.  It  also  became  needful  to  discriminate 
between  Laevo-Saccharum  and  other  specialities. 

Their  Inverted  Sugar  thoroughly  withstands  the  test  of  Time,  and 
retains  the  approval  of  the  Brewing  Trade  to  a  remarkable  extent. 

According  to  the  latest  Excise  Returns  of  all  sugars, 
whether  Raw  or  Manufactured,  employed  In  Brewing,  more 
than  one-third  of  the  total  quantity  used  In  the  United 
Kingdom  consists  of  Carton's  Saccharum. 

LiEVO-SACCHARUM,  Solid  and  Fluid,  is  supplied  in  Casks, 
containing  in  even  weights  2,  3,  4,  and  6  cwts.  each.  The  Fluid  is 
made  at  the  standard  gravity  of  14  lbs.  per  gallon. 

NOTICE.— 256  lbs.  of  GARTON'S  SACCHARUM  are  now 
considered  by  the  Excise  Authorities  an  equivalent  for  a  Quarter  of 
Malt,  instead  of  224  lb.  as  heretofore. 


Further  Details,  Prices,  and  Terms  may  be  obtained  on  application  to 

GARTON,  HILL  AND  CO., 

Southampton  Wharf, 

TuLYi,  1885.         Battersea,  S.W. 


ADVERTISEMENTS,  n 

Dextrin-Maltose. 

(O'Sullivan's  &  Valentin's  Patent) 

GARTON,  HILL  &  CO., 

Sole  Licensees  &  Manufacturers. 


GARTON,  HILL  &  CO.,  having  acquired  the  Patent  Rights  of  MesSFS. 
O'SuUivan  &  Valentill  for  the  Sole  Manufacture  of  DEXTRIN-MALTOSEy 
confidently  recommend  the  article  to  the  notice  of  the  Brewing  Trade. 

This  production  has  been  widely  acknowledged  by  the  scientific  world  to  be  a 
valuable  substitute  for  Malt,  but  reasons  needless  to  particularise  have  precluded  its 
general  introduction  to  Brewers.  These  difficulties  have  been  overcome,  and  th^ 
manufacturers  are  now  prepared  to  supply  the  article,  in  accordance  with  the  require- 
ments of  the  patentees. 

It  is  composed  of  Dextrin  and  Maltose  in  the  same  proportions  as  are  yielded  to 
wort  by  the  starch  of  malt,  grown,  dried,  and  mashed  upon  the  most  approved  and 
successful  systems,  but  without  containing  the  nitrogenous  matter  inherent  in  malt. 

Beers  brewed  with  a  proportion  of  it  are  clearer,  fuller  drinking,  retain  carbonic 
acid  gas  better,  and  are  more  sparkling  than  beers  brewed  from  malt  alone.  They 
wfll  also  be  found  to  possess  keeping  qualities  equal  to  those  of  beers  brewed  from 
the  best  malt. 

It  can  be  used  for  all  kinds  of  Ale,  and  is  particularly  suitable  for  brewing  Porter 
and  Stout,  in  which  it  may  be  advantageously  used  in  lurge  proportions. 

One  of  the  largest  Brewing  Firms  m  Scotland  has  used  it  for  several  years  with 
the  most  satisfactory  results. 

Each  delivery  will  be  accompanied  by  a  certificate  from  Hr«  O'Sullivaily 
guaranteeing  its  perfect  chemical  composition. 

GARTON,  HILL  &  CO.  will  be  pleased  to  supply  further  particulars,  with 
prices,  on  application. 

GARTON'S  DEXTRO-SACCHARUM 

Is  a  Brewing  Sugar  prepared  FROM  SAGO  ONLY  by  patented  processes^  which 
completely  remove  Albumen,  Gluten,  and  all  its  oily  constituents  from  the  raw 
material  of  its  manufacture. 

It  has  a  dextro-rotatory  power,  is  similar  in  a{)pearance  to  Sugars  of  the  Glucose 
or  so-called  "Saccharine"  character,  and  is  supplied  in  small  pieces,  readily 
soluble,  packed  in  Bags  of  i  or  2  cwts.  each. 

To  those  Brewers  who  cannot  conveniently  use  Garton's  Lavo-Saccharum  it  is 
most  strongly  recommended. 

NOTICE.— 256  lbs.  of  GARTON'S  SACCHARUM  are  now  considered 
by  the  Excise  Authorities  an  equivalent  for  a  Quarter  of  Malty 
instead  of  224  lbs.  as  heretofore. 


Prices  and  further  particulars  supplied  upon  application  to  the  Sole  Licensees 

and  Manufacturers — 

GARTON,  HILL  &  CO., 

SOUTHAMPTON  WHARF,  BAHERSEA, 

LONDON,  8.W. 


iii  ADVERTISEMENTS, 


THE  LONDON  SCHOOL 


OF 


BREWING  &  CHEMISTRY, 


UNDER    THE    DIRECTION    OF 

Messrs.  GILLMAN  &  SPEN6ER 

(Life  Fellows  of  the  Chemical  Society), 


Messrs.  GILLMAN  &  SPENCER  having  received,  of  late  years,  an 
increasing  number  of  applicants  for  instruction  in  their  Laboratories  beyond  the 
accommodation  which  was  at  their  disposal,  and  finding  the  demand  for  a  School 
where  both  Theoretical  and  Practical  Brewing  and  Malting  can  be  studied  side 
by  side,  have  established  the  above  Institution. 

The  Laboratories  have  been  re-built  on  an  enlarged  scale,  and  are  fitted  with  the 
newest  and  most  suitable  appliances  for  the  convenience  of  Students. 

A  three-quarter  experimental  Brewery  and  Malting  on  improved  principles  and 
construction  adjoin  the  Laboratories,  for  the  use  of  the  Students  in  the  practical 
work  of  Brewing  and  Malting. 

A  great  number  of  Pupils  who  have  studied  the  Chemistry  of  Brewing  in  their 
Laboratories  during  the  past  twelve  years  are  now  holding  first-class  positions 
in  the  Brewing  Trade  in  various  parts  of  the  United  Kingdom  and  Colonies. 

The  Laboratories  are  open  daily  from  lo  a.m.  to  5  p.m.,  and  if  required  evening 
instruction  can  be  arranged  for. 

The  course  of  Instruction  comprises  Elementary,  Inorganic,  and  Organic  Chemistry; 
the  Chemistry  of  Brewing;  Qualitative  and  Quantitative  Analysis;  Complete  Analyses 
of  Brewing  Materials,  Water,  &c. ;  the  Use  of  the  Microscope  and  Polariscope,  &c. 

Practical  Brewing  and  Malting  in  the  Experimental  Plant  upon  all  the  principal 
Systems. 


TERMS    AND    PARTICULARS    ON    APPLICATION. 


GILLMAN  &  SPENCER, 

fJ(on6ultlng  and  |^ractical  ^rcurerd  and  j^ol^tical  (Sheiid«t6, 

CASTLE    BREWERY. 

21,  GEORGE'S  ROAD,  SOUTHWARK,  LONDON.  S.E. 


Analyses  of  Waters,  MaKs,  Hops,  Sugars,  Beers,  4o.    ConsuHations  on 
Brewing  and  Superintendence  of  Brewings  by  arrangement. 


ADVERTISEMENTS.  iv 

GILLMAN  &  SPENSER'S 

PATENT  GELATINIZED  AND  FLAKED 


HALT 


Gillman  and  Spencer's  Patent  Rice  Malt  has  now  been  in  regular 
and  most  successful  use  for  over  four  years,  both  for  Stock  and 
Running  Beers,  by  a  large  number  of  the  principal  London  and 
country  Brewers.  Its  use  has  resulted  in  a  great  improvement  in 
the  quality  of  their  Beers,  and  a  consequent  large  increase  of  their 
trade.  The  Patent  Rice  Malt  can  be  used  in  any  Brev(^ery 
without  alteration  or  addition  to  the  plant  or  change  in  the 
system  of  Brevj^ing.  It  requires  simply  to  be  mashed  with  the 
ordinary  Malt  in  the  Mash  Tun  in  the  usual  way. 

The  Beers  produced  from  a  combination  of  ratent  Rice  Malt  and 
ordinary  barley  malt  are  of  better  palate,  greater  fulness, 
brilliancy,  and  fining  properties,  and  of  decidedly  better  keep- 
ing quality  than  those  brewed  entirely  from  ordinary  malt,  or  malt 
and  saccharum. 

Patent  Rice  Malt  is  specially  recommended  for  Summer  Brewings, 
Stock  and  Pale  Ales,  and  Light  Bitter  Beers. 

The  Patent  Rice  Malt  will  yield  an  extract  gravity  of  105  to 
108  lb.  per  quarter  of  3  cwt.,as  it  contains  over  80  per  cent,  of  sugar 
and  dextrine-forming  substances,  as  against  66  per  cent,  in  average 
ordinary  barley  malt,  or  over  one-fifth  more  available  extract.  (See 
Analysis.) 

Beers  brev(^ed  v(^ith  a  due  proportion  of  Rice  Malt  are 
highly  recommended  by  the  Medical  Faculty  for  their 
light,  refreshing,  digestible,  and  non-intoxicant  properties. 


By  a  recent  Improvement  in  the  manufacture  (patented  by  us  in 
January,  1886),  the  Riee  Halt  is  now  prepared  In  a  "  flaked*'  form, 
obviating  any  neeesslty  for  further  Grinding,  and  overcoming  all 
diffleulties  of  Drainage,  whereby  much  larger  proportions  ean  be 
used  and  the  highest  Extract  uniformly  obtained. 


rVLL  PABTICULABS  AHD  PBICES  OH  APPUCATIOH. 


eiLLMM  &  SPENSER, 

CASTLE  BBEWERT,  ST.  GEORGE'S  ROAD,  SOUTHViRK,  S.E. 

Had  patent  yolting^,  9ordon*6  )piiou*f,  {{otherhithc,  JKondon,  f|.S. 


Aii  ordtn  and  communleaUons  to  be  addresstd  to  tho  Castlo  Browory,  as  abouo. 


ADVSR  TISBUBSTS. 


TCMTS      PJkVKmr 


"ABYSSINIAN"  AND  ARTESIAN 

TUBE  WELLS 


FOR   LARGE    SUPPLIES    OF 


Supplies  upon  this  System  have  been  laid  down  at  the  principal  Breweries  in  the 
Kingdom,  and  also  at  the  Town  Water  Works  of  Aldenhot,  Alnwick,  Cirencester, 
Fainham,  Hertford,  Shrewsbury,  Skegness,  Southampton,  Wallingford,  Watford. 

Deep  Borings  in  Rock  and  other  strata  rapidly  and  economically  canied  cot  by 
Steam  Power. 


These  Tube  Wells  were  supplied  to  H.M.  War  Dg^ment  for  the  Abyssinian 
War  and  all  later  campaigns  since  that,  including  that  of  the  Soudan. 

The  following  are  a  few^  out  of  upwards  of  Sixty  Breweries^  where  these  Tube 
Wells  have  been  made  : — 

ALLSOPFS,    BURTON-ON-TRENT. 
BASS    8c   CO.,    BURTON-ON-TRENT. 
BURTON    BREWERY   COMPANY. 
ROBINSON'S,    BURTON-ON-TRENT. 
THOMPSON'S,    BURTON-ON-TRENT. 
TRUMAN'S,    BURTON-ON-TRENT. 
WORTHINGTON'S.    BURTON-ON-TRENT. 
WARWICK'S,    NEWARK-ON-TRENT. 
I.    BATE    &    CO.,    BIRMINGHAM. 
BURROWS    8c   CO.,    TWICKENHAM. 
DAWBER    &    CO.,    LINCOLN. 
ELDRIDGE   8c   CO.,    DORCHESTER. 
LANGMORE    8c    CO.,    LEICESTER. 
EVERARD'S,    LEICESTER. 
LENEY   8c   CO.,    DOVER. 
LICHFIELD    BREWERY    COMPANY. 
SOVEREIGN    BREWERY,    BAYSWATER. 
TRUMAN'S,    LONDON. 


NYDRO-CEOLOCICAL    RESEARCHES    MADE    WHERE    REQUIRED. 


LE   GRAND  &  SUTGLIFF, 

HYDRAULIC    ENGINEERS, 

CONTRACTORS   TO   H.M.    WAR   DEPARTMENT, 

Magdala  Works,  Bunliill  Row,  London. 


ADVERTISEMENTS. 

CORCO  RAM'S 

BEST  WOVEN  FLOORS, 
PATENT  WIRE 

V  Wtdtt-tkaiM  Stctlnn. 
CORCORAN'S 

GALYANlSEBWntEDISSIP&TOR. 

CORCORAN'S 


i 


■Mi.'  CORCORAN'S 

DOUBLE    FLOORS  BarlerWasUngAiDrfliiir  Machines. 

fnd"d™£!r'ihV'S<''D(*»'"il!''ll'  "iOHISBSfcrEXTBAOTIHQ  HALF  OOSRS. 
"''  ™o=r  ^'fTci  M''d  ES'"*''''  CORCORAN'S 

-.y_««        r.  ^^^  ^^^  WOOD   BHOVBLS, 

twgnliig  niiu.  *"«  *"  iWC<"k'<w  "nd  tooltftr  Maltlag,  Ad. 


BRYAN    OOROOBAN.  jtin., 


MARK    LANE,    LONDON,    E.C. 

MaiHifaeitrlet  and  BlortM— 
aiOE  OHDSCH   LAKE,  Q0WEB8  WALK,  BASEHEXT  OF  OOBV  EXOHAHOE,  As. 


vu  ADVERTISEMENTS. 


F.  KENDALL  &  SON, 

Italjtical  &  Magufactoring  Sbtivists, 

STRATFORD-ON-AVON. 


MANUFACTURERS  OF 

Pure  Bisulphite  of  Lime 

FOR   BREWING    PURPOSES    AND    FOR    PREVENTING 

BLUE    MOULD    IN    MALT. 

Our  make  of  the  above  is  celebrated  all  over  the  Kingdom  for  its 
unvarying  Quality  and  Strength,  and  is  &r  cheaper  to  the  consumer 
than  inferior  kinds. 


ALSO  MAKERS  OF 

CARBONATED     FININGS. 

Pure  Bisulphites  of  Potash,  Soda,  and  Magnesia. 

Pure  Dry  Calcic   Sulphite,  for  preserving  Mild  and 

Black  Beers. 
Mashing  Powder,  for  use  in  Mash  Tun. 
Finishing  Powder,  for  use  in  Finished  Beer. 
Sulphurous  Acid,  for  cutting  Isinglass. 
Beer   Neutraliser,  for   restoring   and   keeping   Sour 

Beer. 

Hop  Equivalent,  Gic,  Gic. 

CbxumI,  ItlMglui,  Mtf  ethii  Snwtn'  nquUttt. 

ANALYSES     CONDUCTED     ON     MODERATE     TERMS. 


Sols  Aoknts  for  ths 

NKW    «TgTBM    OF    SXTGAR    INVERglON. 


Descriptive  Circular  of  above,  and  all  particulars^  post 

free  on  application. 


ADVERTISEMENTS.  viii 


FRANK  FADLKNER, 

THE     LABOEATOEY, 

CROSSWELLS  BREWERY, 

^LANGLEY,  OLDBURY.^ 


Mr.  Frank  Faulkner,  aided  by  his  Analytical 
Assistants,  Messrs.  Lawrence  Briant,  F.C.S.,  and  Otto 
Overbeck,  F.C.S.,  is  open  to 


WITH 


BREWERS,     DISTILLERS,    VINEGAR 

MAKERS,  SUGAR  REFINERS, 

INVERT    SUGAR   MANUFACTURERS, 

AND    MINERAL    WATER 

MANUFACTURERS. 


For  Terms, 
Apply  to  FRANK  FAULKNER, 

LANGLEY,   OLDBURY, 


ADVERTISEMENTS. 


BORED  *  TUBE  ^  WELLS 

Are  the  best  means  of  obtaining  through  any  strata,  with 
expedition  and  at  much  less  expense  than  by  the  old 
system  of  sinking  Wells,  LARGE  or  SMALL  SUPPLIES  of 

PURE  WATER. 

DUG  WELLS  easily  deepened,  and  in  most  cases  without 

disturbing  existing  Pumps. 

SURFACE  OR  OTHER  OBJECTIONABLE  SPRINGS 

EFFECTUALLY  EXCLUDED. 


BBI¥1M  TU, 


.  As  used  by  H.M.  ^ATar  Office  for  the  various 
expeditions,  and  as  latterly  used  in  the 
SOUDAN. 

These  Tube  Wells  can  only  be  fixed  through 
soils  free  from  Rocks  or  solid  formations. 

At  a  trifling  outlay,  sites  can  by  this  system 
be  prospected  previous  to  purchase,  enabling 
quality,  quantity,  and  temperature  to  be  tested 
at  various  depths. 

Any  quantity  can  be  obtained  through  coupling 
as  many  Wells  as  found  necessary. 


AA*AAAA^k*«A*A**AA^ 


TRIM  BORINGS,  PUMPS,  &Q. 
STEAM  POWER  EMPLOYED  FOR    DEEP  DORIROS. 
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Sites  inspected  and  Reports   furnished.    Also  Estimates,  on 
application  to— 

G.  ISLER  &  CO., 

ARTESIAN    WELL   ENGINEERS, 

f Contractors  to  H.M.  War  DepattmentJ 

88,  SOUTHWARK  ST.,  LONDON,  S.E. 


AD  VER  TISEMENTS. 


MAIGNEN'S    PATENT 


"  FILTRE  RAPIDE " 

Is  guaranteed  to  remove  from  the  water  all  impurities, 
even  the  smallest  bacteria  which  might  interfere  with  the 
healthy  condition  of  the  Malt  under  process  of  develop- 
ment, or  with  the  quality  of  the  Beer  brewed. 

It  is  easily  fixed,  requires  no  pressure,  is  easily  cleansed 
and  kept  in  working  order.  The  cost  of  maintenance  is 
exceedingly  small. 

It  is  the  only  Filter  now  approved  of  by  the  War  Office, 

Important  Testimonial  flrom  GENERAL  VISCOUNT  WOLSELEY,  G.C.B. 

I  have  much  pleasure 'in  stating  that  Monsr.  Maignen's  **  Filtre 
Ha^ide,**  which  was  used  by  our  troops  in  the  expedition  up  the  Nile, 
gave  very  satisfactory  results  indeed.  It  filtered  the  water  both  quickly 
and  well,  and  was  much  valued  by  our  soldiers. 

WOLSELEY. 

6,  Hill  Street,  W.,  July  28,  1885. 

All  the  highest  Awards  at  the  Fisheries,  Health, 

and  Inventions  Exhibitions. 

ISTUIATIS  eiYBH  OH  BICIIPT  OP  AHALTSIS  OP  WATBB. 

Maltsters  who  may  wish  to  soften  their  water  supply, 
so  as  to  render  it  like  rain-water,  may  do  so  by  adopting 
MAIGNEN'S  PATENT  WATER-SOFTENING  PRO- 
CESS, which  is  the  simplest,  best,  and  cheapest  process 
in  existence. 

Write  for  Pamphlet  on  Water,  Preventable   Disease,  and 

Filtration,  by 

p.  A.  MAIGNEN, 

32,  St.  Mary-at-Hill,  London,  E.G. 

u  u 


xi  ADVERTISEMENTS. 


MANBEB 

Extensively  used  by  the  Best  Brewers  in  the  Kingdom. 


The  fermentable  Saccharine  In  Malt  Worts  will  remove 
only  about  two-thirds  of  the  mtrogenous  matter  It  con- 
tains. The  remainder  is  principally  the  cause  of  Beer 
turning  sour;  and  the  use  of  our  Saccharine,  in  the 
proportion  of  one-third  Saccharine  to  two-thirds  Malt, 
will  remove  all  remaining  nitrogenous  matter,  and  free 
the  Beer  from  objectionable  tastes. 

It  will  increase  the  amount  of  alcohol  and  carbonic 
acid,  and  thereby  augment  the  keeping  property  of  the 
Beer,  and  make  it  specially  adapted  for  export  to  hot 
climates. 

It  produces  Beer  greatly  excelling  In  purity,  in  brilliancy 
of  colour,  and  delicacy  of  flavour,  the  Beers  brewed  with 
Malt  alone,  or  with  Malt  and  Cane-sugar. 

As  it  is  sent  out  in  small  pieces,  the  Brewer  will  find 
no  difficulty  in  dissolving  it  either  in  the  Hop  or  Under- 
back,  by  letting  the  Worts  run  over  it,  and  where  space 
is  limited,  it  will  enable  the  Brewing  of  one-third  more 
Beer  without  Increase  of  Plant. 

We  can,  if  desired,  supply  our  Saccharine  in  the  form 
of  Syrup,  as  per  Excise  regulations.  Particulars  and 
prices  can  be  had  upon  application. 


For  Samples y  Prices^  Terms,  and  References^  apply  to 

mmi  SACCHARINE  COMPANY,  LIMITED, 

SOLE    MANUFACTURERS. 

WORKS :  BRAKDEKBEGH  ESTATE,  FDLHAM  PALACE  ROAD,  HAMMERSMITH,  W. 

OFFICES:  110,  CANNON  STREET,  E.C. 


IBlPORTA.ltTIII 


By  a  recent  Order,  the  Excise  Authorities  will  allow*  in 
ftiture,  the  use  of  256  lbs.  of  solid  Glucose  as  an  equivalent 
for  one  Quarter  of  Malt,  instead  of  224  lbs.  as  heretofore. 
This  places  our  product  in  an  exoeptionallv  favourable 
position  as  regards  duty,  as  compared  with  any  other 
brewingr  materiid. 


ADVERTISEMENTS. 


STOfES' 

itBArClenl 


Patented 


England, 


This  apparatus  removes  soot  from  steam  boilers  wliilst 
they  are  at  work,  thereby  effecting  immense  economy  in 
the  consumption  of  fuel  by  reason  of  it  keeping  the  shell 
of  the  boiler  clean,  which  should  be  exposed  to  the  action 
of  the  fire,  but  is  after  a  few  days'  working  coated  with 
soot,  rendering  this  portion  practically  useless.  The 
engraving  shows  the  apparatus  as  fitted  to  Lancashire, 
Cornish,  or  Galloway  boilers,  and  from  experiments 
made  shows,  when  applied  to  this  class  of  boiler,  a  saving 
of  fuel  ranging  from  20  to  30  per  cent.  It  can  readily 
be  applied  to  boilers  without  disturbing  the  setting,  and 
the  great  saving  in  coal  will  repay  its  cost  in  a  very 
short  time. 

For  flill  particulars  and  prices  apply — 

A.  O.  STOPES, 

COLCHESTER. 


ADVERTISBUENTS. 
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ADVERTISEMENTS.  xiv 


GEORGE  GLARK  &  SON, 

I  SUGAR,    SACCHARUM,    GLUCOSE, 
CARAMEL,  and  ISINGUSS 

MERCHANTS,  IMPORTERS,  &  FACTORS. 

OFFICES  AND  SALE  ROOM— 

:    MARKET  BUILDINGS,  MINCING  LANE,  AND 
26,  MARK  LANE,  LONDON,  E.G. 
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GEORGE  CLARK  &  SON  devote  their  exclusive  attention  to 
'  the  supply  of  Sugars  to  the  Breweries  of  the  United  Kingdom. 


BREWING    SUGARS. 

Raw  and  Refined,  in   Bags  of  112  lbs.  or  224  lbs.  nett 
Contracts  entered  into  for  regular  Supplies. 

GikneosE. 

;    In    Bags  of  112  lbs.  each   nett,  ex  Warehouse   London,  Liverpool, 

Hull,  Bristol,  Newcastle,  &c. 

ISINGLlASS. 

Samples,  with  full  Particulars,  on  application  at  City  Offices. 

INVERT    SXTGAR. 

Every  information  given  as  to  the  Sugars  best  adapted  for 
Inverting,  and  how  to  carry  out  the  Process. 

GARAMSLl. 

In  Kegs  of  112  lbs,  or  Casks  of  5  cwt.  each  nett. 


WAREHOUSES— 

I  ST.    GEORGE   STREET,   LONDON   DOCKS,   E.  | 


ADVERTISEMENTS. 


PENHEY  &  GO.,  Limited, 

CITY    IF^OJM   WOF^KS,   LIJ^CObJM. 

MANUFACTURERS    OF    PATENT   ADJUSTABLE 

BARLEY  SCREENS. 


UPWARDS  OF  28,000  SOLD. 


"THE   PERFECT"  ROLLER    MILL 

MAKES  A  PERFECT  BREWER'S  GRIST. 

FIRST-RATE     MALT     SCREENS. 

HALT  ROASTERS.      HALT  HILLS. 

PATENT     ROTARY     LIQUOR    PUMPS. 

WIRE  KILN   FLOORS. 

PERFOBATED  CAST-IROM  HASH  TUN  BOTTOMS. 

CONICAL  STEEPING  CISTERNS.        PATENT  SLUICE  VALVES. 

PVIXETS,  SEAFTma,  FLVKUEB  BLOCKS. 

WORM       CONVEYORS, 


ESTIMATES  ON  APPLICATION  TO 

PEHiti&ir  &  CO.,  ILX1VCOX.IC. 


A  D  VER  TISEMBNTS. 


WILSON  AND  COMPANY. 

LIMITED, 

Brewers'  Engineers  i  Coppersmiths,  Vat  i 

Bacli  Mai(ers, 

FROMB.       SOMERSET. 


PRESERVATIOH   OF   HALT    ROLLS. 

WILSON'S  method  of  preserving  Malt  Mills  and  the  restoration 
of  old  and  much  worn  rollers  is  to  case  them  with  a  cylinder  of 
steel.  This  gives  a  tough  and  firm  sur&ce  which  does  not  become 
chipped  or  disintegrated  like  cast  iron,  however  hard  it  may  be 
made  by  chilling  or  otherwise,  which  is  always  a  brittle  metal,  and 
is  easily  frittered  away  by  the  action  of  minute  fiint  stones  into  holes 
through  which  the  Malt  escapes  uncrushed.  To  remedy  this,  the 
Rolls  are  often  screwed  up  too  close,  causing  the  Malt  to  be  ground 
in  an  uncertain  and  unequal  manner. 

Copies  of  TesdmonlBls  loraarded  on  ippUeidon. 


VAT  AND   BACK-MAKING   DEPARTMENT. 

WILSON  &  CO.  have  now  erected  new  machinery  of  the  most 
improved  type,  specially  designed  to  turn  out  large  quantities  of 
work  in  the  best  and  most  expeditious  manner,  which  together  with 
a  large  Stock  of  Timber  consisting  of  English  Oak,  Russian  Deals, 
and  other  Woods  for  Brewery  purposes,  enables  them  to  execute 
orders  for  Brewing  Vessels  with  great  rapidity  and  at  a  lessened  cost. 


Copper  Slotted  False  Bottoms  for  Mash  Tuns  and  Hop 
Backs,  giving  ten  times  the  amount  of  drainage  of  perfo- 
rated bottoms.  They  never  break  or  corrode,  neither  is 
there  a  mixture  of  metals. 


a:vii  ADVERTISEMENTS. 
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GiU  9TCac4ine^  ate  §Maz<xniccd  to  pet|ot4n  tA^ 
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Specitne4t  §Htac4ine^,  Sonnple^  o|  ^K^ot'^one, 
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itv^tnotion  o^  to  S^icc^,  etc.,  ma\y  ^c  fiod  fion\ 

MESSRS,  H.   STORES  AND  CO., 


ADVER  TISEMENTS. 


IMPORTANT   TO    BREWERS,    DISTILLERS,    ETC. 

ROBERT  MORTON  &CO.'S 

mproved  Patent  Vertical  Reffigeratof 

For  Cooling:  Brewers'  and  Distillers'  Worts  and  other 

Fluids,  t&e  Condenslncr  of  Steam,  the  Cooling  and 

Condensing  of  Spirits  in  Distilleries,  &c. 

Gold  [and  Silver  Medals,  f^  refrigeration,  awarded  at  Versailles, 
London,  and  Paris,  to  Robert  Morton  6*  Co.,  Bur ton-on- Trent. 


The  Advantages  of  these  Refrigerators  are  aa  follows  :— 

Being  laiAe  of  Moitoo's  Patent  Tubes,  which  b;  a  Dew  procen  are  drawQ  titaxXj  aa 
hard  SE^  steel,  thef  will  stand  a  very  great  pressure  (although  made  of  metal  in 
tubstance  little  tUcker  than  a  sheet  of  writing  paper),  thus  combining  great  strength 


with  onequalted  cooling  power.     Every  part  is  perfectly  accessible,  so  that  both 

■      eadilv  cleanrf  with  the  greatest  ease.    Th 

.    „ _..,  ._,.i»irea,  and  in  case  or  a  tube  bursting  by  fr 

r  accident,  ii  can  be  replaced  with  a  new  one  within  an  hour,  extra  tubes  bei 


inside  and  outside  the  tubei  can  be  readily  cleanM  with  the  greatest  ease.    These 
F  Refrigerators  are  most  easily  repairea,  and  in  case  or  a  tube  bursting  '     ' 


supplied  with  these  Refngerator 


lUUSTBATED   rmCE    LISTS   ON   APPLICATION. 


Patentees  and  Sole  Makers — 

ROBBitT    aaoitxoir    dt    co„ 

Snvers'  En^nsers,  Brass  and  Itob  Foaadors,  Coppersmiths,  Ic, 
TRENT  WORKS,  BURTON-ON-TRENT. 


ADVER  TISBMENTS. 


R.  HOLLIDAY, 

•Rafter  of  ISJopen   'SSJiire  ^foors, 

WITH    IRONWOKK   BEABINGS, 

F0B  MALT  KILMS» 
Beaufort  Street,  Chelsea,  S.W. 

These  Floors  are  made  of  the  Stroneest  Woven  Wire,  and  strained  wHh 
Screw  Bolts.  Wire  Floors  offer  the  least  resistance  to  the  current  of 
heated  air  psssing  through  thent,  and  are  acltnowiedged  to  be  a  great 
saving  of  fuel  for  the  same  amount  of  heat, 

Ettlmatu  glem  for  Laying  Floort  cemplttt,  ulih  Woom  Wirt  and  Imiwwk  Btarlngt. 
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Double  Floors  constructed  on  the  same  Principle. 
From  Mtttrs.  Crotelty  &"  Co.,  Smvtri,  Alton,  Hants. 

Sth  September,  1883. 


been  executed. 
Mr.  Hollid>v, 

Beaufort  Street,  Chelici. 
From  Mtsirs. 


"&( 


lOWLEY  L    CO. 


.  ff,  Brooki  &•  Sons,  Tht  Mailings,  Miitlty,  Esstx. 

i6th  July,  1883. 
Dear  Sir,— We  saw  your  work  at  Slough,  on  Monda)',  and  are  utitfied.     If 
jou  cin7  out  any  we  give  you  ag  well  at  that  ii  done,  we  shall  have  no  cauie  of 
wmplaint.  you„  tn,!, 

Mr.  R.  Holliday.  \V:   BROOKS   &   SONS. 

(The   Floor  referred  to  was  Uid  by   mc  for  Meun.    Neville,  Reid  &  Co., 

sod  measured  36  ft.  by  36  ft.      Messrs.  Biookt  and  Sons  then  entrusted  me  with  the 

laying  of  their  Boor,  ^3  f>-  by  36  ft.,  and  aiterwardt  sent  the  following  testimony.) 

Frrnn  Mtitri.  W.  Brooks  6*  Soiu,  Ttu  Mailings,  MistUy,  Esstx. 

]7tb  May,  1884. 
Dear   Sir, — After  a  Kaioo'i  use  we  have  nothing  to  complain  of  in   the 
Floor  you  laid  for  us  last  year  at  Colchester.     It  now  looks,  and  we  have  no 
doubt  will  wt«,  well.  Your*  tnily 

Mr.  R.  Holliday.  W.  "BROOKS   &   SONS. 

mvmoTss  mait  p&ov«i*,  mmvrmjM,  st«. 


ADVER  TISEMENTS. 


mw^wmmm. 


Since  the  introduction  of  this  pro- 
duct in  1880,  no  Brewing  Sugar 
has  so  successfully  borne  the  lest  of 
experience.  Its  uniform  Qualify 
and  Strength,  and  freedom  from 
nitrogenous  impurities,  attest  the 
extreme  care  taken  in  the  selection 
and  conversion  of  the  CEREAL 
employed  in  its  manufacture,  fur- 
ther proof  being  furnished  by  the 
high  quality  obtainable— ne&rly 
781bs.  per  quarter,  of  2cwt. 
The  most  eminent  Analysts  agree 
thai  it  is  impossible  to  produce  a 
more  satisfactory  brewing  auxiliary. 


SUCROSE  gives  a  palate  fulness  not  obtained  by  any  other 
Malt  substitute,  and  may  be  used  in  large  proportion.  A  consider^ 
able  saving  is  efTected  when  increased  quantity  of  beer  is  required, 
without  increase  of  plant  and  labour. 

SUCROSE  materially  assists  the' Brewer  when  the  constituents 
of  the  brewing  liquor  are  not  of  a  high  standard,  and  renders  un- 
necessary the  excessive  use  of  finings  and  preservative  chemicals, 

SUCROSE  ensures  Beers  dropping  bright  rapidly,  and  never 
causes  deterioration  in  the  yeast. 

SUCROSE  may  be  advantageously  employed  with  Malt,  even  of 
inferior  quality. 

SUCROSE  produces  Beers  of  excellent  keeping  quality,  and 
surpassing  brilliancy,  equally  adapted  for  stock  and  bottling,  and 
for  those  of  quick  draught. 

SUCROSE  is  indispensable  to  obviate  the  mealy  flavour  and 
character  induced  by  raw  or  gelatinised  grain  ;  also  the  vinous  taste 
and  extreme  palate  sweetness  imparted  by  raw  Cane  Sugar. 

SUCROSE  contains  the  maximum  of  Grape  Sugar  and  minimum 
of  dextrine  and  moisture. 


In  bags  containing  1  owt.  in  small  pieces,  and  In  eases  of  similar 

weight  for  export 

266lbs.«r«  allowed  by  the  Excise  to  represent  a  quarter  of  Malt- 


Analyses  and  further  particulars  from  the  Sole  Proprietors, 

MOUNTAIN,  HORSLEYS,  &  60, 

24,    SOUTHWARK   STREET,    LONDON,    S.E. 


A  D  VER  TISEMENTS. 


R.  WAYGOOD  &  GO., 

^ngitfeep, 

BfAItVFACTVSSaS    OF 

LiRs,  CraflGS,  anfl  Hoisting  Maclery. 
spegjaTpower  lifts, 

With  Slum  or  Qas  Enginss. 

SAFE,  SIMPLE,  STRONG. 


guimnUc  d  faifififts. 


SACK  HOISTS, 

AND 

Continuous  Cask  Lifts, 

AND 

LAR    LIFTS, 

BREWERIES. 

SOLX   UANUFACTUKKKS  OF 

BENNISON'S 

PATENT 

ROTARY  PUMP, 

AisBnrs 

PiTEIT  eiSHUTBD 

lUXT     MASm. 

Apply  for  Cataloguo*  to 

NefiDgtoQ  Iron  Works,  Falmontli  Road,  S.E. 

LIVEHraOl:  71, LORD  STRICT.  BIMIIHCNAII:  70,C0UI0nCNMIiai. 


ADVERTISEMENTS.  xxii 


W.  J.  BUSH 


CO., 


DIStlLLERS   AND    IMPORTERS   OF 

ESSENTIAL  OILS,  FRUIT  ESSENCES. 

INVENTORS  OF  SOLUBLE  ESSENCES 

For  the  manufactare  of  perfect  Aerated  Waters  without  rendering  them  turbid. 

ESSENCE    LEMON, 

SOLUBLE    ESSENCE    LEMON, 
SOL.  ESS.  JAMAICA  GINGER,  ESSENCE  GINGER  ALE. 


(PROTECTED  BY  ROYAL  LETTERS  PATENT), 

For  producing  a  permanent  head  of  creamy  richness  upon  all  kinds  of  Syrups, 
Minml  Waters,  Cyders,  Beers,  Ales,  Wines,  and  all  other  Liquids  or  Beverages 
where  a  frothy  foam  or  head  is  required. 

ARTILLERY    LANE,    BISHOPSGATE,    LONDON,    E.C. 

WATER  -  SUPPLY 

IS    OF   PRIMARY   IMPORTANCE  TO 

BREWERS  &  MALTSTERS, 

AND  DEPENDS  ENTIRELT  UPON  GEOLOGICAL  CONDITIONS. 

H.  STOPES  &  CO.  have  secured  the  services 
of  Mr.  Vsf.  H.  Dalton,  F.G.S.,  who,  having  been 

^^  ^  GOVERNMENT  GEOLOGICAL  SURVEY 
for  more  than  17  years,  has  thereby  become 
personally  acquainted  with  the  nature,  posi- 
tion, and  water-bearing  character  of  all  British 
rocks.  They  are,  therefore,  prepared  to  advise 
all  questions  of  water  -  supply,  drainage, 
minerals,  &c. 

24a,  SOUTHWARK  STREET,  LONDON,  S.E. 
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xxiii  ADVERTISEMENTS, 


ASHTON  &  CREEN,  LIMITED, 

Principal  Office,  where  please  address  all  commuieationi, 

II,  12,  14,  &  15,  BURY  STREET,  ST.  MARY  AXE, 

LONDON,    E.G. 


BRANCH  ESTABLISHMENTS: 

40,  HOLBORN  VIADUCT, 

LONDON,  E.G. 

TEMPLE  GATE,  BRISTOL. 


MANUFACTORIES : 

FESTINIOG,  NORTH  WALES. 

FARRINGDON  WHARF, 

STRATFORD,  E. 
BRISTOL. 


Manufacturer's  of 

Slate    Stillions,  Fermenting  Squares, 
Yeast  and  Racking  Backs,  &c. 

ASHTON  &  GREEN  use  only  the  best  Slate  and  Materials, 
and  guarantee  the  quality  of  their  work.  References  can  be  given 
to  the  leading  Brewers. 

ESTIMATES   SENT   FREE   ON   APPLICATION. 

JOSEPH     LONG, 


(LATE     20,      LITTLE     TOWER     STREET), 

LONDON,  E.C., 

Manufacturer  of  Improved  Malt  Kiln  TbennoiQeters 

(REGISTERING  AND   NON-REGISTERINGX 

CHRONDROHETEBS,  HALT  MEASURES,  HALT  CRUSHERS, 

HALT  RECEIVERS,  AND  SUNDRIES. 

ALSO 

MANUFACTURER    of   SACCHAROMETERS.   all    kinds  of 
BREWING    THERMOMETERS,  and   BREWERS'    INSTRU- 
MENTS, as  supplied  to  the  Inland  Revenue,  Ac. 

Also  HICROSCOPES  and  SUNDRIES  for  use  in  Laboratories. 


F<>r  Wint  and  Spirit  Merchants^  Bottlers^  ^c. 


ADVER  TISEXfENTS. 


DHKS-URQUHART, 


HENRY  URQUHART, 

IMPORTER  and  SHIPPER  of  WINES  and  SPIRITS, 

16,  WKTER  LfiNE,  GREfiT  TOWER  ST.,  E.G. 

XEREZ  DE  LA  FRONTERA,  OPORTO,  BORDEAUX,  TARRAGONA. 


A.  TRIBOT,  FILS,  &  CO., 

BRANDY    DISTILLERS,    COGNAC. 


Thit  Whisky  is  considsrod  one  of  tho  finest  in  tl,e  Trade.     It  Is  sbso- 

iulsly  PURE,  and  being  matured  in  Slierry  Caslcs,  is  unrivaiied  for  its 

great  meiiowness. 


CHAMPAGNES. 
PIBIUVZ  fc  CO.,  FnprlitaltN,  IPIBHAY. 
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